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This is an introductory general science book designed to develop a 
real appreciation of the effect of modern science on dailv living. Topics and 
problems were chosen because: 

1. They have a meaning and purpose for the student. 

2. They supply useful scientific facts and generalizations. 

3. They offer opportunities for student development in the use of the 
scientific method of solving problems. 

4. They widen the science horizons and interests of students. 

5. They stimulate an intelligent curiosity about the world and its 
problems. 

Several valuable features will be found at the end of each cycle. The 
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“Ideas to Remember” sections review the important ideas or concepts. The 
“ Can You Do These” sections list a comprehensive set of directed student 
activities, including simple experiments, projects, library research, and re¬ 
ports. The “How Would You Answer These” sections supply comprehensive 
short-answer tests and some additional essay-type questions. Bibliographv 
sections entitled Further Reading” suggest related, interesting reading in 
recent books. 

There are also many interesting and colorful pictures and diagrams. 
Each illustration is directly related to an important idea in the text. We 
believe that, especially for todays student, a good picture or diagram has 
the teaching value of a substantial amount of text. 

The language has been kept simple and clear. New or technical words 
or terms are italicized and then explained in the context nearbv. A glossal)’ 
at the end of the book defines briefly those words and terms that may be 
strange to the reader; words that may be difficult to pronounce are spelled 
phonetically. 

Throughout, care has been taken to select the most valuable material 
and to make it both interesting and readily understandable. 


Maurice U. Ames 
Arthur O. Ha her 
Joseph F. Leahy 
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problem 1 How can you solve your health 

problems in a scientific way? 

problem 2 Where can you get health help and 

information? 

problem 3 How can you use the information 

obtained from regular health ex¬ 
aminations? 



One summer night a young man noticed a small pimple on his 
wrist. It was red and seemed very itchy. Thinking that it was another 
mosquito bite, he rubbed some alcohol on it and went to bed. The next 
morning brought no relief. The pimple was still there and quite an¬ 
noying. 

That night, after work, he went to the drug store and bought a 
medicine which was advertised to stop all itching as well as “freshen-up 
the skin.” The red bump tingled and felt cool when he applied the 
medicine but his relief was only temporary and the bump grew redder 
and more uncomfortable. So he returned to the drug store for another 
remedy. This time it was a salve that was supposed to relieve itching 
and minor aches and pains. A week went by, and the young man found 
it difficult to move his arm. Finally, reallv worried, he went to see his 
family doctor. 

The doctor was aware that some infection was present, but he 
would not merely guess as to what it was. He asked the young man 



Fig. 1-1. More and more 
health problems are 
being solved in the lab¬ 
oratory. (Courtesy The 
Glidden Co.) 










for a complete and honest story of what had happened and questioned 
him about his occupation and habits. After a complete physical exam¬ 
ination. the doctor took a few drops of blood from the patient’s index 
finger and smeared it on a small glass strip or slide. Next he took a small 
sample of the material in the hard, red pimple. He also smeared this 
on a slide. 

While the young man waited nervously in the office, the doctor 
examined the slides under his microscope. What would he find in the 
material on the small glass slides? 

“Young man,” the doctor said, “you have a case of a rather rare 
disease called anthrax. But don’t worry; we ll have you back to normal 
in a few days. Good thing you came here when you did.” 

“What is anthrax? Is it dangerous? Can I die from it?” asked 
the young man. 

“It is a serious disease caused by a certain germ which humans 
may pick up from infected animals. The germs invade a part of your 
body and set up a stronghold that looks like a red bump. From there 
they can move out into your blood stream and can cause serious harm. 
But don’t worry. I ll have you admitted to the hospital, and with peni¬ 
cillin treatments vou’ll be out in a few davs,” answered the doctor. 

When the young man left the hospital many thoughts ran through 
his mind. The most outstanding was the fact that a true scientific 
approach had helped solve his health problem and, perhaps, saved his 
life. 



Llem 1: How can you solve your health 
problems in a scientific way ? 



The words scientific 
method have been used in so many ways 
that people are often confused as to what 
they really mean. Does the scientific 
method have a different meaning for a 
scientist and an ordinary citizen? Is it pos¬ 
sible for a person who has no scientific 
training to use the scientific method to 
solve his everyday problems? To be able to 
answer these questions, you must have 
some understanding of how a scientist 
works. Let us examine the methods of a sci¬ 
entist to see how much you can learn that 
will help you with your own thinking. 

THE WAY A SCIENTIST WORKS 

Probably no two scientists ever work 
in exactly the same way, even when they 
are trying to solve the same or similar prob¬ 
lems. Many different approaches may be 
a part of the scientific method. However, 
the steps you will learn in this section are 


very important in solving problems, in and 
out of the laboratory. (A laboratory is a 
building or part of a building used for sci¬ 
entific tests and investigations.) 

Recognizing a Problem Which 
Needs To Be Solved. People often say “I 
think ,’ when they really mean “I guess,” or 
“I believe,” or “I suppose.” This is true be¬ 
cause we frequently voice our opinions 
without having any clear understanding of 
what we are talking about. 

In order to think carefully about a 
problem, it is necessary to understand ex¬ 
actly what the problem is. Once you rec¬ 
ognize that a problem exists, try to state 
the problem to yourself and to others who 
may be interested. It is much easier to think 
about and to discuss a particular problem 
if you can clearly separate it from other 
questions or ideas which may be similar. 
You know how much faster you can com¬ 
plete a homework assignment when you 
know exactly what the teacher wants! 
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The problem of conquering pneumo¬ 
nia is a good example of how a complex 
problem was separated into its parts. At 
one time, all eases of pneumonia were 
thought to result from the same cause. 
Later it was recognized that there were 
several different types of pneumonia, and 
treatments for each type had to be devel¬ 
oped by scientists. This was possible only 
after the different types had been recog¬ 
nized and set apart as separate problems. 

Gathering Facts To Help in Your 
Thinking. Once vou have decided exactly* 
what you are trying to find out, the next 
step is to gather evidence or facts to help 
you with your thinking. A fact is some¬ 
thing which is known to be completely 
true. What are some of the ways in which 
scientists go about getting facts? How can 
you gather the evidence you need? 

One important way to get the neces¬ 
sary facts to help you think about a prob¬ 
lem is to ask someone who really knows. 
Perhaps your problem is familiar to him 
in his special field or work. Such a per¬ 
son is Called an authority or an expert in 
that field. It is not always easy to recog¬ 
nize a real authority. A good test is to find 
out whether the person is recognized as an 
authority by others who work in the same 
field. For example, a druggist in a town 


Fig. 1-2. What conditions icill cause 
a piece of bread to turn moldy? 



could probably tell you who the good doc¬ 
tors are in the neighborhood. For obtain¬ 
ing facts that will help you to think about 
your health problems, the members of the 
medical profession in a community are 
usually the best authorities. If you cannot 
go to an authority directly, perhaps you 
can read something that he has written. 
References in your library may have the 
facts you are looking for. 

Facts from Experiments. When new 
facts are discovered by scientists, it is often 
the result of experiments. An experiment 
is a test which is made in order to see 
whether certain ideas are correct. In do¬ 
ing an experiment you must have a purpose 
in mind. There must be some fact, or 
facts, which you are trying to discover; 
and the results must be watched very 
carefully. 

Here is an experiment you can try at 
home with very little trouble. You will 
need only a slice of bread, a jar with a 
cover, and some water. The purpose of 
your experiment will be to see what con¬ 
ditions will make a piece of bread turn 
moldy. 

Start your experiment by tearing the 
slice of bread in half. Now wet one half 
slightly, touch it to a dusty floor and place 
it in the jar. Cover the jar to keep the 
bread from drying out and put it away in 
a warm, dark place for several days. 

How about the other half of your 
slice? Just put this piece back into its 
waxed paper wrapper and leave it in the 
refrigerator. This piece is an important 
part of your experiment. It is called the 
control. A control is that part of your 
experiment which must be kept aside so 
that you can compare it with your results. 

After a few days, you will find that the 




Fig. 1-3. A cure for a disease 
may be found after experiments 
with animals. (Courtesy C T . S. 
Public Health Service.) 



experimental piece is covered with mold 
and the control is not. This result will 
help you to answer your problem. Now 
you can say that dust, moisture, darkness 
and warmth all probably help molds to 
grow on bread. How could you set up an 
experiment to see which of these items is 
the most important in the growth of molds? 
Remember vour control! 

Experiments performed by scientists 
are often long, complicated, and expensive. 
For example, the development of a cure 
for some disease may require several years 
of experimental work with animals before 
the cure is ready to be tried on human be¬ 
ings. If it seems to be successful in early 
trials with animals, scientists may then 
experiment with humans, often using them¬ 
selves if any danger is involved. Finally, 
when the cure seems to be effective and 
safe, samples of the product may be sent 
to doctors and hospitals for further experi¬ 
mentation. If the reports are favorable 
and approved by national health authori¬ 
ties, the remedy may then be offered to 
doctors for use with their patients. Such 


an experiment is really made up of many 
smaller experiments, or trials and retrials 
based on many ideas. We call this kind 
of careful investigation research. 

The development of the Salk vaccine 
against polio is a fine example of how a 
great deal of experimenting finally resulted 
in an effective way to prevent a terrible 
disease. 

Recognizing a problem, and bringing 
together all the facts you can find are the 
first steps in solving a problem. If you wish 
to solve any problem, these two steps are 
the way to begin. 

Putting Facts Together. Some of the 
facts you obtain will be much more useful 
than others. Try to use only those facts 
which have a definite part to play in an¬ 
swering your question. Also try to get a 
complete set of facts. Insufficient informa¬ 
tion can easily lead to a wrong conclusion. 

For example, it is a fact that before 
the days of vaccination for smallpox there 
were many people who were exposed to the 
disease and did not get it. A youngster 
who was afraid to be vaccinated used that 
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Fig. 1-4. This lad doesn't seem to 
fear a vaccine infection. Do you? 
(Courtesy Farm Security Administra¬ 
tion; photo by Vachon.) 


fact in this way. He said, “Why should I 
be vaccinated today when there is so little 
smallpox? Lots of people were never vac¬ 
cinated and didn’t get the disease even in 
the old days when it was widespread.” The 
boy was trying to solve his problem by 
using a fact which was perfectly true, but 
he did not use all the facts. Important facts 
which might have helped the boy to the 
right answer are these: vaccination for 
smallpox is cheap and easily obtained; it is 
not at all painful; it is almost sure to pre¬ 
vent smallpox; there are few cases now 
because most people have been vaccinated. 

Getting the Right Answer. Once you 
have put your facts together, you may come 
to some solution to your problem. Your 
next job is to check your conclusion to see 


if it fits all the facts. There may be more 
than one answer, and one may be better 
than another. The scientist continues to 
look for better solutions all the time. For 
example, in the case of a new medical dis¬ 
covery, improvements will be made for a 
number of years, or until the product is 
replaced by something newer and better. 

The treatment for “athlete s foot” has 
changed many times in recent years. Many 
remedies once popular among physicians 
were discarded when more effective reme¬ 
dies were found. Still, no perfect cure has 
been found, and scientists continue to look 
for better answers every day. 

Sometimes the right answer may seem 
somewhat wild because it is unusual. Thus 
many years ago, when sellers of ice cream 
wanted to solve the problem of avoiding 
dishwashing, it was suggested that the 

buyer of ice cream eat the dish or container. 

* 

This answer wasn’t as ridiculous as it 
sounded, because it made a fortune for the 
inventor of the ice cream cone! 


Fig. 1-5. The inventor of the ice cream 
cone solved a dishwashing problem. 
(Courtesy Chester Studios.) 






































SOME STEPS IN THINKING 

So far, you have seen some of the 
ways in which scientists go about solving 
a problem. First, the problem must be 
clearly stated. Then, the important facts 
are gathered, either from some authority 
or by experiment. Next, the facts are used 
to find a solution to the problem, and fi¬ 
nally, that solution is carefully checked. 
It is this kind of approach to a problem that 
we call "scientific method,” and it is this 
kind of thinking that you should use in 
solving the many questions that you face 
every day of your life. Now here are some 
more suggestions that will help you to put 
this scientific method to good use. 

Where Do the Answers Come From? 
An important step in problem-solving and 
good scientific work is to be doubtful about 
what you hear or read until you are sure 
that the statement is really the truth. This 
is sometimes known as being skeptical — 
difficult to convince. If you read or hear 
an advertisement which claims that eating 
some special food will help you to become 
big and strong, what do you think? A skep¬ 
tical person might ask some questions such 
as: Who is making these promises for 
growth and strength? Is it a health author¬ 
ity who can be trusted and who has proof? 
Or is it someone who is only anxious to 
make a sale? Is the food that is being ad¬ 
vertised any better than some non-adver- 
tised foods which are much cheaper? Can 
the advertiser point to people who have al¬ 
ready benefited from using the advertised 
product? Does some health authority, such 
as your family doctor, agree that the food 
being advertised will do all that the adver¬ 
tiser claims? These questions might be asked 
about most advertised health products. 



Fig. 1-6. A reliable druggist can 
supply you with valuable health in¬ 
formation. 

Check Up on What You Read and 
Hear. Discoveries that are new and have 
not been tried out in a large number of 
cases should always be questioned. Often a 
product such as a cough syrup is recom¬ 
mended simply because it is new. It is a 
good rule to remember that nothing is good 
just because it is new. It may be excellent, 
but it must be proven by many tests. Some 
new products, not tested, may actually be 
harmful. A person who is skeptical might 
also ask if a so-called "new” product is 
really new. Often such products are not 
new at all. They may be old products under 
a different name, or a new combination of 
old products. 
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Second-hand information should al¬ 
ways be questioned, even if it seems to 
come from good authority. Reports may 
change in passing from one person to an¬ 
other. Mere is an interesting example. 

A seventh-grade boy who was over¬ 
weight asked the school doctor for advice. 
The doctor examined the boy very care¬ 
fully and then suggested that he avoid 
certain foods when he ate lunch in the 
school cafeteria. The boy passed this ad¬ 
vice on to two other hoys, who told their 
parents that the school doctor had advised 
all hoys to use this weight-reducing diet. 
The parents became angry and wrote let¬ 
ters to the hoard of education saying that 
the school doc tor should he discharged be¬ 
cause he was advising the pupils to go on 
an unhealthful diet. Before the board of 
education could investigate the facts, the 
town newspaper published a similar letter 
and an editorial saying that the schools 
should not interfere with home training of 
children. 


In this example the doctor had merely 
made a suggestion to one pupil who needed 
help. Do you think the people who used 
second-hand information for arriving at 
their conclusions solved their problems 
successfully? Could they have been more 
successful if they had investigated all the 
facts first? Do you see why a scientist tries 
to use first-hand information before he 
reaches any conclusions? 

Do You Change Your Opinions? In 
solving health problems or any other prob¬ 
lem. it is important to keep an open mind. 
In other words, you should allow your opin¬ 
ion to change if new facts or evidence ap¬ 
pear. There are still people who believe 
the earth is flat. They believe this even 
though photographs of the earth have been 
taken from great heights, showing the ac¬ 
tual curve of the earth’s surface. 

Nearly every one of us allows some 
kind of superstition to interfere with our 
life activities. A superstition is a belief or 
fear that is accepted without proof or evi- 


F/g. 1-7. Arc you superstitious ? About black cats? About walking under ladders? 



deuce. Scientists have made lists of hun¬ 
dreds of superstitions which exist among 
people throughout the world. One scien¬ 
tist found seventy-seven false beliefs which 
related to health alone. These concerned 
foods and digestion, skin and hair, colds 
and sore throats, home ventilation, and 
many other matters. There are no facts to 
support any of these superstitions, and yet 
many people cling to them. Often the false 
belief has been disproved by facts obtained 
by experiment. 

Here is one example. When aluminum 
cooking utensils first came on the market, 
some people believed that certain foods 
cooked in this metal would become harm¬ 
ful. Scientists performed many careful ex¬ 
periments which showed that foods cooked 
in aluminum pots were as safe to eat as 
foods cooked in any other way. To this 
day, however, some people are afraid to 
eat certain foods that are cooked in alu¬ 
minum pans, even though it is clear that 
people who eat these foods cooked in this 
way do not become ill. 

Many superstitions start when two 
things happen at the same time or very 
close to each other. Thus, a story is told of 
a baseball player who happened to tilt his 
cap just before getting a home run that 
won the ball game. For months afterward 
this ballplayer tilted his hat in the same 
way every time he came to bat. Although 
it was obvious to others that touching his 
hat had nothing to do with his hitting, the 
athlete continued to believe in this super¬ 
stition. 

Keep Your Thinking Straight. 
When you gather the facts that will help 
you in solving a problem, it is very import¬ 
ant to watch out for those which seem true 
because you have heard them repeated 



Fig. 1-8. This baseball player thought 
that he could hit better if his cap was 
tilted this way. 


many times. For example, most people be¬ 
lieve that an ostrich will hide his head in 
the sand when danger threatens. Hundreds 
of cartoons have been published showing 
the ostrich with his head buried. Many 
popular sayings warn people not to "hide 
their heads like the ostrich.” Yet this in¬ 
formation is completely false. Ostriches 
do not bury their heads; but people believe 
they do because they have heard the false¬ 
hood repeated so many times. 

You should be careful of advertise¬ 
ments which constantly repeat sayings 
such as "our soap washes cleaner!” "our 
cigarettes are better for your health!” “our 
hair tonic will remove dandruff!” You can 
only discover the truth of these statements 
by experiment and observation. It is wise 
to be skeptical of what you hear unless it 
comes from an expert! And, as you know, 
even experts sometimes disagree. 
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Fig. 1-9. Lightning striking the Empire State Building in New York City. More 
facts about lightning lead to a better understanding of it. (Courtesy General 
Electric Co.) 


There Is Always a Reason. Many 
things on our earth are not fully under¬ 
stood. Certain diseases, like cancer, are 
baffling. Events such as hurricanes and 
tornadoes have not been fully explained. 
This does not mean that such events can 
never be understood. Scientists believe that 
everything which occurs on the earth has 
some cause, and that more of the present 
mysteries will be explained as more and 
more study and experiments go on. Long 
ago people believed that lightning was 
thrown at the earth by angry gods. Today 
we know that lightning is a rush of elec¬ 
tricity between two clouds or between a 
cloud and the earth. As you continue your 
study of science you will learn how to pro¬ 
duce small electric sparks at home and in 
the laboratory. This kind of experimenta¬ 


tion will help you to really understand 
lightning so that you will never have to 
rely on strange beliefs when caught in a 
thunderstorm. 

As we gather more facts about a sub¬ 
ject, it becomes easier to understand. Many 
years ago sick people were thought to have 
demons inside them. Today you would 
laugh at the suggestion that illness comes 
from such causes, because scientists have 
discovered many facts about the causes of 
disease. Straight thinking and scientific 
method are more important now than ever 
before. 

You may have heard people say that 
we are now living in an “atomic” age. Let 
us see how the scientific method together 
with our knowledge of the atom are being 
used to help fight disease. 
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HOW ATOMIC ENERGY 
FIGHTS DISEASE 

Everything in our universe is com¬ 
posed of units called chemical elements. 
There are 92 such elements found in nature. 
Some examples of these elements, prob¬ 
ably known to you, are oxygen, hydrogen, 
carbon, iron, silver, and uranium. Such 
elements are made up of very tiny particles 
called atoms. You may have read of how 
atomic energy can be released in machines 
called “atom smashers” or in atomic bomb 
explosions. 

Certain elements can be treated in an 
atomic energy machine so that their atoms 
become radioactive. This means that they 
give off rays similar to that given off by 
X-ray machines and by radium. These rays 
can be detected by means of a Geiger 
counter. A Geiger counter is a delicately 


balanced electrical device with a radio 

attachment. Whenever ravs from such a 

* 

radioactive atom come near a Geiger coun¬ 
ter, a small loudspeaker makes a clicking 
noise. Because these radioactive atoms can 
be detected in this way they are called 
“tagged atoms," as if they were labelled 
with tags. 

Many such “tagged atoms” are being 
used by scientists to learn more about dis¬ 
eases such as goiter, cancer, heart disease, 
and diseases of the blood and brain. 
A harmless solution containing “tagged 
atoms” is injected into a patient. By using 
a Geiger counter, doctors can follow the 
solution as it flows through parts of the 
patient's body. This enables the physician 
to locate the diseased part and to start 
treatment. For example, a doctor may use 
tagged iodine atoms with a patient who 
has a goiter condition. The clicking of a 


Fig. 1-10. This is an atomic energy machine known as a cosmotron. 
(Courtesy Republic Steel Corp.) 










Fig. 1-11. Tagged atoms from 
atomic energy machines are use¬ 
ful in fighting many diseases. 
Here a Geiger counter detects 
tagged iodine atoms in the thy¬ 
roid gland of the patient’s neck. 
Above right is a portable Gei¬ 
ger counter. 


Geiger counter, placed near the thyroid 
gland in the patient s neck, can tell the 
doctor a great deal about the goiter condi¬ 
tion. Many valuable things have been 
learned about diseases through this use of 
atomic energy. 

Millions of dollars are spent each year 
in this kind of medical research. Modern 
scientists, through the scientific method 
and critical thinking, have succeeded in 
overcoming the menace of many diseases. 
Few people today die of such diseases as 
typhoid fever, smallpox, malaria, diph¬ 
theria, scarlet fever, or pneumonia. The 


life span , or length of life, of many millions 
of people has been increased because medi¬ 
cal science has approached health prob¬ 
lems in a scientific way. 

What problems in your own life, in 
school or outside, have you tried to solve 
in the past week? Have you gathered im¬ 
portant facts? Have you checked different 
possible answers? Have you consulted an 
authority? Have you tried an experiment? 
Have you completely solved these prob¬ 
lems? Are you still working on some? 
What additional help can you get from 
what you have read in this book? 
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School was over! It was June and the last day of school had come. 
Sam cheerfully packed his books and said goodbye to his teacher. He 
was happy. His teacher had just told him that he had successfully 
passed his seventh grade work. He would be ready to start the eighth 
grade in September. His family was going to start on a vacation trip 
to Yellowstone National Park the next morning and, naturally, he was 
very excited. 

Morning came at last. The car was packed full of baggage, and 
Sam and his parents were on their way. It turned out to be a very 
hot day. Sam ate very little at lunch and seemed unusually quiet. His 
parents noticed this, and since the afternoon got warmer and warmer, 
they stopped at a tourist cabin on the outskirts of a city about five 
o’clock. Sam went to bed. His parents thought that after resting and 
cooling off Sam would get up ready to eat a good meal. But when 
the dinner hour came, he wasn’t hungry. 












Sam hardly slept that night. In the morning his face was flushed 
and his parents noticed that he had a little fever. He wanted no break- 

fast. . 

Immediately Sam’s parents began discussing what to do. They 

might have decided upon any of the following plans of action: 

1. To return home and give up the vacation. 

2. To give Sam a dose of castor oil. 

3. To conclude that only the excitement of the trip and the heat 
were temporarily affecting Sam and that he would soon be 

all right. 

4. To find a doctor for Sam by calling the local druggist and 
getting his recommendation as to a reliable physician. 

5. To conclude that Sam wasn’t very sick, that any medical doc¬ 
tor would do, and to select one from the telephone directory. 

6. To take Sam to the city hospital for an examination. 

7. To ask the corner druggist what medicine to give Sam. 

8. To ask the cabin proprietor the name of a good doctor in the 

community. 

9. To ask Mrs. Smith in the next cabin what she gives her chil¬ 
dren when they get sick like Sam. 

Which of these plans of action do you think Sam’s parents fol¬ 
lowed? Talk these over with your classmates and then decide which 
one Sam’s parents should have followed. 


problem 2: Where can you get hea Ith help 

and information ? 



You will never read a more 
important sentence than this one: Your 
most valuable possession is your good 
health! Read this statement again. Mem¬ 
orize it! Carry it with you every day, in 
all your activities. Your success and happi¬ 
ness depend upon it. No matter how 
wealthy you may become, no matter how 
many honors you may achieve, you will 
never enjoy life as much as when you 
are in good health. 

Taking care of your health means more 
than just seeing a doctor when you are sick. 
It means that you must learn to set up 
good health habits for yourself and to 
avoid health hazards. This may seem like 
a difficult task, but, fortunately, there are 
many sources in your community ready 
and willing to give you facts and any other 
help you may need. Let us look at some 
of your health organizations to see what 
information and services they offer. 


HEALTH SERVICES THAT 
MAY HELP YOU 

The basic public health organizations 
are financed with public funds. In most 
communities, people can rely on organiza¬ 
tions such as a county board of health, 
a state board of health, and federal govern¬ 
ment health organizations. In addition, 
people living in large cities can request 
the services of city health departments. 
Communities are also served by other 
public health organizations. Examples of 
these include such services as the local 
school health programs, child health asso¬ 
ciations, health councils, health museums, 
academies of medicine, hospitals, and 
clinics. All of these make valuable contri¬ 
butions to the well-being of our nation. 

Voluntary private organizations serve 
the health of communities throughout the 
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Fig. 1-12. These arc the emblems that 
represent well-known public health 
organizations. Can you name the or¬ 
ganization connected with each one? 

country either directly or indirectly. A 
few of these are: 

American Red Cross 
American Medical Association 
American Public Health Association 
American Heart Association 
American Cancer Society 
National Tuberculosis Association 

Other Health Services. Other good 
sources of health information are reliable 
health publications. Among these might 
be listed: 

1. Today's Health—a monthly maga¬ 
zine published by the American 
Medical Association. 

2. Public Health Reports—an official 
monthly publication of the U. S. 
Department of Health, Education 
and Welfare. 

3. American Journal of Public Health 


—a monthly publication of the 
American Public Health Associa¬ 
tion. 

4. Monthly and annual reports of or¬ 
ganizations such as Consumers’ Re¬ 
search, Inc., or Consumers’ Union. 

5. Science News Letter—a weekly 

summary of current science. 

* 

6. Health publications of the Metro¬ 
politan Life Insurance Company, 
the Prudential Life Insurance 
Company, and similar organiza¬ 
tions. 

These are only a few of the hundreds 
of organizations of experts in the field of 
health who are willing to help you with 
your health problems. You should have 
no trouble in gathering facts, with such 
a number of authorities to consult. 

DO YOU KNOW HOW 
YOUR LOCAL HEALTH 
DEPARTMENT WORKS? 

You may be interested in forming a 
committee to visit your local county health 
board or your city health department, to 
study its operation. What you might find 
depends on the size of your city or county 
and the amount of money available for 
local public health service. 

Usually, the person in charge of your 
local health department is an experienced 
physician who is called the Health Com¬ 
missioner or Director of Public Health. 
Under the control of this public health 
authority, there may be many separate 
divisions. Each one will be directed by 
an expert working with many assistants 
such as inspectors, laboratory workers, and 
clerks. Here are some of the departments 
that may serve your local board of health: 
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DIRECTOR OF PUBLIC HEALTH 


PUBLIC HEALTH 
NURSING 



Fig. 1-13. A typical health service building houses these departments. (Courtesy 
U. S. Public Health Service.) 


Division of Vital Statistics— The Division of 
Vital Statistics in each town keeps a 
record of births, accidents, severe illness, 
and deaths. Should you need a copy of 
your birth certificate, the Vital Statistics 
Division can supply you with one. The 
records of this department are very use¬ 
ful to health scientists who may be look¬ 
ing for the causes of poor health in your 
community. 

Division of Industrial Hygiene— The prob¬ 
lems of air pollution, healthful working 
conditions, smoke control, and safe in¬ 
dustrial practices are usually supervised 
by this department. 

Division of Child Hygiene— This depart¬ 
ment may care for the health of young 
children through the operation of baby 

health stations and classes for new moth- 

* 

ers, and also through the printing and 
distribution of child health information. 


Division of Sanitation— Many public places 
such as barber shops and restaurants are 
inspected periodically for cleanliness by 
this department. The Division of Sanita¬ 
tion also sees to it that streets and pri¬ 
vate lots are kept clean, that dead or sick 
animals are removed, and that noise, 
dirt, and filth are kept to a minimum. 

Division of Public Health Nursing— Public 
health nurses, or visiting nurses, as they 
are sometimes called, perform many vital 
duties. They visit homes in times of sick¬ 
ness or epidemic to care for the sick. 
If requested, they will help and teach 
a young mother to care for a new born 
baby. 

Now let us take a closer look at the 
operation of some of these divisions of your 
local health department, to see how they 
help you to stay well. 
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What Your Community Health Or¬ 
ganization Does for You. Epidemics are 
severe outbreaks of a disease in which 
many people become sick at one time. 
Scarlet fever, mumps, measles, and in¬ 
fluenza are examples of diseases that can 
often spread widely. When a disease can 
be spread or carried from one person to 
another, it is called a contagious or com¬ 
municable disease. Your health depart¬ 
ment often quarantines a person suffering 
from a communicable disease. A person 
under quarantine is usually kept away from 
other people until he has recovered. A 
quarantine sign is placed near the door of 
his home, giving the name of the disease 
within. This sign warns the people of the 
neighborhood that a contagious disease is 
present. 



Fig. 1-14. A sign such as this one indi¬ 
cates a contagious or communicable 
disease. 

Your health department may also help 
you secure immunity from some diseases. 
Immunity means that your body is able 
to resist a disease. For example, once you 
have had chicken pox, the chances are 


that you will never catch chicken pox 
again. Your body, in fighting off the dis¬ 
ease, builds up a permanent resistance to 
any further attacks. What actually hap¬ 
pens is that your blood manufactures cer¬ 
tain chemical substances which destroy the 
germs that are making you sick. These 
substances, or antibodies, remain with you 
to defend you whenever the same kind of 
germ enters your body. Two other diseases 
that usually leave you with a lifelong im¬ 
munity are mumps and scarlet fever. 

Some diseases of this type, such as 
smallpox and polio, are so serious that the 
first attack may prove fatal or crippling. 
In such cases, your doctor or public health 

clinic will not wait for vou to catch the dis- 

* 

ease, but will step in to provide you with an 
artificial immunity in advance. In the case 
of smallpox, the doctor injects the germs 
of a mild form of this disease into the body, 
usually in the left arm. This procedure is 
called vaccination. The body recovers from 
this mild disease very easily and, mean¬ 
while, builds up antibodies which are 
strong enough to fight off smallpox if it 
should ever attack. Once a dreaded and 
widespread disease, smallpox has been 
practically wiped out in our country 
through vaccination. 

The Salk Vaccine Against Polio. 
Recently, a new method was developed 
to provide immunity from infantile pa¬ 
ralysis or polio. This procedure, discov¬ 
ered by Dr. Jonas E. Salk and his associates 
at the University of Pittsburgh, makes use 
of a chemical substance known as a vaccine. 
In the case of polio, this vaccine is prepared 
from polio germs which have been grown 
on pieces of monkey kidney. The germs are 
killed and made fit for injection by a com¬ 
plicated process. After careful testing, the 
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Fig. 1-15. The blood of animals 
can also build antibodies which 
fight disease germs. Antibodies 
borrowed from the blood of 
horses and other animals are 
used to fight human diseases 
such as diphtheria and tetanus. 
(Courtesy U. S. Public Health 
Service.) 


vaccine is injected into the human body. 
Then the blood gets busy and builds anti¬ 
bodies which can protect you if live polio 
germs should ever invade. “Booster shots” 
are given after the first injection to increase 
the number of antibodies to a high level. 
The first results of experiments carried on 
in 1954 by public health departments 
showed the vaccine to be 80 per cent to 
90 per cent effective. These experiments 
were excellent examples of how public 
health services and a voluntary organiza¬ 
tion (The National Foundation for Infan¬ 
tile Paralysis) cooperated in the interest of 
better health. 

Vaccinating Cows. Recently some 
scientists at the University of Minnesota, 
after years of experimenting, discovered 
a similar way of protecting animals and 
probably human beings from many dis¬ 


eases. Cows were vaccinated with dead 
germs. It was found that the cows’ milk 
contained valuable antibodies that could 
fight these diseases. Perhaps some day you 
will be protected from many diseases by 
drinking milk from such vaccinated cows. 

During times of epidemic, the local 
health departments advise people how to 
protect themselves. Your health authori¬ 
ties may ask you not to attend public events 
or places of amusement where large crowds 
may gather. This helps to control the spread 
of disease. 

Public Health Nurses Serve the 
Community. Perhaps the greatest service 
offered by the local health department is 
that of the public health nurse. In addition 
to the actual bedside care that she supplies, 
the visiting nurse helps to educate people 
to live healthier lives. She assists the new 
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Fjit. 1-16. Public health nurses and 
doctors protect infants against com¬ 
municable diseases of childhood. 
(Courtesy New York City Depart¬ 
ment of Health.) 


tary requires the work of a large staff of 

health “detectives.” 

An excellent project for a class com¬ 
mittee would be to prepare a list of things 
which should be inspected in each of the 
following: Food stores, hotels, restaurants, 
water supply system, dairies, slaughter 
houses, bakeries. Can you add any other 
places in your community which need in¬ 
spection? 

Bookkeeping in Your Health De¬ 
partment. Modern health scientists con¬ 
sider records very important, and so every 
health department has a special branch 
which does the health “bookkeeping” for 
the community. 

Records of births, serious illnesses, 
accidents, and deaths are reported by your 
doctor or hospital to the Vital Statistics 
Division. How can these records be used 
to help you live a healthier life? 

Health officers can discover the begin¬ 
nings of an epidemic as they carefully ex¬ 
amine medical reports. In this way they 
can promptly take the necessary steps to 


mother in preparing for a baby before 
birth and in caring for it after it is born. 
She helps to prevent communicable dis¬ 
eases from spreading; she helps in the ex¬ 
amination and treatment of school children. 
She instructs the family in matters of proper 
diet and cleanliness and helps low-income 
families to obtain medical care in public 

hospitals or clinics. 

How the Community Is Kept Sani¬ 
tary. The sanitary division of a health 
department protects the community’s 
health by an inspection system. Inspectors 
arc sent out to check the handling of food, 
the milk and water supply, and the disposal 
of sewage. Keeping the community sani- 


Fig. 1-17. The man who wears such 
a badge is protecting the publics 
health. (Courtesy U. S. Department 
of Health, Education, and Welfare.) 



keep a disease from spreading. The rec¬ 
ords, or statistics , may also show your 
health department whether any commu¬ 
nity health hazards are causing deaths. 
Steps can then be taken to get rid of the 
cause. The health of one community can 
be compared to that of others, and of the 
country as a whole. This information is of 
great help to scientists who are looking 
for the ways to better health and longer 
life. 

Child Welfare. The health and well¬ 
being of all children, even before birth, is 
the concern of the local health department. 
Infant welfare centers give information to 
mothers about feeding and care. Babies 
may be weighed to see how well they are 
growing. They may get their “shots” to 
help them become immune to various dis¬ 
eases. 

As the child grows up, the health de¬ 
partment works through the school nurse 
and doctor. Examinations that test general 
health as well as eyesight, hearing, and 
teeth are part of almost every school health 
program. Children who have had conta¬ 
gious diseases are examined before being 
permitted to return to classes. Above all, 
good health habits are encouraged by the 
school in cooperation with the health de¬ 
partment. 

HOW THE FEDERAL 
GOVERNMENT PROTECTS 
YOUR HEALTH 

Health activities are a part of the 
program of several of the federal depart¬ 
ments. Some of the health services of the 
Department of Health, Education and 
Welfare, the Department of Agriculture, 


and the Department of Labor are shown in 
the following table: 

DEPARTMENT OF HEALTH, 
EDUCATION AND WELFARE 

U. S. Public Health Service: 

Studies cause and prevention of disease. 

Advises state and city health departments 
in the distribution and use of serums and 
vaccines. 

Iood and Drug Administration: 

Inspects foods and products. 

Enforces food and drug laws. 

Children's Bureau: 

Promotes health and welfare of children. 

DEPARTMENT OF AGRICULTURE 

Bureau of Entomology: 

Fights insect pests. 

Supervises interstate sale of food products. 

Bureau of Animal Industry: 

Protects public against animal-borne dis¬ 
eases. 

Bureau of Dairy Industry: 

Develops sanitary measures for handline 
milk. 

DEPARTMENT OF LABOR 

Bureau of Labor Standards: 

Studies and makes recommendations on 
working conditions. 

Women's Bureau: 

Deals with welfare of wage-earning women. 

Laws Were Needed. Before the 
passage of food and drug laws people were 
often in actual danger from the use of vari¬ 
ous drugs and foods which were sold under 
false claims. It was possible for manufac¬ 


turers to use cheap materials such as water, 
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sugar, and coloring matter in remedies 
which were “guaranteed” to cure almost 
everything. Such medicines were often sold 
at very high prices, and dangerous drugs 
were included by careless or dishonest 
manufacturers. Any claim that anyone 
could think up could be printed on labels 
without fear of the law. Innocent people 
sometimes acquired harmful drug habits; 
they had no way of knowing that habit¬ 
forming drugs were contained in the prepa¬ 
rations they used. 

Food adulteration was common. Adul¬ 
teration means that some cheaper substance 
has been mixed with food. For example, 
water may be added to milk, or oatmeal to 
sausages. This type of adulteration may 
not harm the health of the person who is 
the victim, but part of the consumer’s 
money is wasted, and the dealer makes an 
unfair profit. Another type of adulteration 
is often actually harmful. This occurs when 
chemicals are added to partly spoiled or 
rotten foods in order to change the color 
of the food, remove the odor, or hide the 

evidences of decay. 

Food and Drug Laws. In the year 
1906 a food and drug law was passed which 


did much to protect public health. This 
law helped to control adulteration of foods. 
It also made it illegal to put a false state¬ 
ment on the label of a package containing 
a drug or food which was to be sent from 
one state to another. In addition, the law 
tried to stop manufacturers from including 
poisonous substances in foods in injurious 
amounts. 

Unfortunately, the Act of 1906 had 
many weaknesses. Dishonest manufactur¬ 
ers were sometimes able to get around the 
law by claiming that they did not know 
that a statement was false when it was 
printed on the label. The law did not apply 
if a product was sold in the same state 
where it was made. The penalties for vio¬ 
lation were not strong enough. 

Also, the law did not regulate news¬ 
paper, magazine, billboard, and radio ad¬ 
vertising of drug products. It was possible 
for false claims to be made in advertising, 
even though the same statements printed 
on the label would have been illegal. It 
was even possible for false claims to be 
printed on folders which were placed be¬ 
tween a container and its outside carton, 
or package. Further, the law did not regu- 



Fig. 1-18. Many food 
manufacturers test their 
products to insure high 
quality. (Courtesy Seal- 
test Ice Cream Co.) 




late advertising and trade in cosmetics 
items such as soaps, face creams, and pow¬ 
ders. 

More Recent Food, Drug, and Cos¬ 
metic Laws. For many years there was a 

* * 

demand for better laws to protect the con¬ 
sumer. New laws were considered in Con¬ 
gress, and finally, in 1938, a law called the 
Federal Food, Drug, and Cosmetic Act was 
put into effect. It is still in effect. This law 
has been helpful in protecting all of us. 
Packages must now be more carefully la¬ 
belled to show what they contain. The 

* 

dangers which exist in the use of habit¬ 
forming drugs or an overdose of drugs must 
be indicated on the label. 

This law also gives us some protection 
against harmful contents of cosmetic prod¬ 
ucts. Certain materials are prohibited, such 
as eyelash-coloring materials which con¬ 
tain dangerous dyes. 

The use of food containers which may 
be harmful is illegal. The use of containers 
with false bottoms or other false devices is 
unlawful. In addition, the law provides 
stronger penalties for violators. 

Other laws prohibit sending false 
advertising claims for food, drug, and cos¬ 
metic products through the mails. They 
also put a check on false statements in 
radio, magazine, and newspaper advertis¬ 
ing. Such laws help you; but unfortunately, 
these laws are not always strictly enforced. 
This is mainly because the government de¬ 
partments do not have enough money and 
manpower. 

The Food and Drug Administration is 
a branch of the Department of Health, Ed¬ 
ucation and Welfare. The testing labora¬ 
tories of the Food and Drug Administration 
are in Washington, D. C. They make a 
large number of scientific tests each year. 



Fig. 1-19. Drugs or medicines should 
he taken only on the advice of a 
licensed physician. (Courtesy Ledcrle 
Laboratories.) 

The scientists in charge are well trained 
and are constantly at work to make sure 
that food, drug, and cosmetic products are 
as safe as possible. The Food and Drug 
Administration occasionally sends out 
warning statements to consumers. These 
come in radio talks, and press releases to 
newspapers and other publications. 

In reading about health information 
and services, you have seen that the num¬ 
ber of organizations devoted to your good 
health is very great. In addition to the 
public health departments of your city, 
county, state, and federal governments, 
there are hundreds of private organizations 
willing to help you to stay healthy. 

Besides all of the free services avail¬ 
able to you, there are thousands of free 
books and pamphlets giving expert infor¬ 
mation which can help you to solve your 
health problems. Write for those that you 
need. Your teacher will help you. 
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In this cycle, you have learned about the many ways in which 
you can help yourself to improve your health. Now you may be won¬ 
dering how you can discover where you can stand improvement. 
Do you have good health habits? Can they be improved? Are you 
making health mistakes? Can they be corrected? How healthy are 
you? In order to help you judge yourself, you should take a health 

inventory. 

Inventories, as you probably know, are taken for the purpose 
of finding out what materials are on hand and what materials must 
be secured. In your case a health inventory will tell you about your 
good and poor practices in healthful living. The inventory will help 
you decide how you can best improve yourself. 

Be honest in your inventory. If you would like help in securing 
better health practices, you might show your inventory to your doctor 
or teacher or parents. 


Fig. 1-20. Do you exer¬ 
cise or play in the fresh 
air each day in pleas¬ 
ant weather? (Courtesy 
Look Magazine.) 



■ 


Directions: Score 10 for “always,” 7 for “sometimes,” and 0 for “never.” 
Copy the items into your notebook and allow some space so that 
you can take the inventory again when you have completed the science 
program for this grade. Do not write in this book. 


1. Do you trv to understand how vour bodv works? 

2. Do you seek the advice of your parents, nurse, or doctor when 
you are ill? 

3. Do you get enough rest during the day and comfortable sleep 
every night? 

4. Do you exercise or play in the fresh air each day in pleasant 
weather? 

5. Do you bathe or shower every day or two, being careful to change 
into clean clothes? 

your hands before eating? 

7. Do you wear the proper clothing to protect your body against 
the weather? 

8. Do you protect your heart by avoiding long periods of hard work 
or play? 

9. Do > ou eat the proper amounts of required foods? 

10. Do you make the best use of your muscles and bones in securing 
good posture? 

11. Do you work, study, play, eat, and rest “regularly” according to 
a schedule or plan? 

12. Can you accept criticism of yourself? 

13. Do you try to keep away from others if you have a cold or other 
contagious diseases? 

14. Do you sneeze and cough into a handkerchief or tissue? 

15. Do you avoid being chilled by wet clothes or shoes? 

16. Do you visit your family doctor or clinic once a year for an 
examination even if you are not ill? 

17. Do you regularly seek your dentists advice and help in caring 
for your teeth? 

18. Do you follow the advice of your public health authorities in 
times of a health emergency such as a flood or epidemic? 

19. Do you try to learn all you can about new medical and scientific 
discoveries which can help you to live a better life? 

20. Are you always anxious to improve your health? 



problem 3: How can you use the informa¬ 
tion obtained from regular 

health examinations ? 



Upon entering a doctor’s 
office, one is impressed with the many ways 
in which the doctor uses the scientific 
method in his work. All around him are 
instruments which help him to recognize 
certain diseases and to get the facts needed 
for their prevention and treatment. 

Today the doctor is able to perform 
many scientific tests right in his office. He 
may start by checking your weight and 
height. Overweight and underweight con¬ 
ditions are often a sign that something is 
wrong with your health habits. He can 
check your blood pressure with an instru¬ 
ment called the sphygmomanometer (sfig- 
mo-man-om'-ett-er). To use this device, the 
doctor wraps a flat rubber bag around your 
arm and pumps it full of air. Then he 
watches a glass tube filled with mercury 
as he listens to your pulse. As the column 
of mercury rises and falls in this instru¬ 
ment, he learns about your blood pressure 
and the condition of your heart and arteries. 

Urine tests are also performed in many 
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offices. A sample of urine is tested to deter¬ 
mine the amount of certain materials it 
contains. In this way some illnesses can 
be discovered. For example, if the urine 
contains too much sugar it may be a sign 
that the patient is suffering from a disease 
called diabetes. The amount of acid pres¬ 
ent in the urine also indicates the general 
health of the individual. 

The condition of your blood is often 
a clue to your state of health. Blood tests 
may show the doctor whether a serious in¬ 
fection is present. He may compare the 
color of the blood to samples in his office, 
or he may examine a drop of blood under 
the microscope to help him see if anything 
is wrong. 

An instrument called the ophthalmo¬ 
scope can be used to examine the eye. By 
such examinations the doctor can find evi¬ 
dences of brain injuries, hemorrhages and 
the condition of the veins and arteries. An 
otoscope is the instrument used to examine 
the ear for eardrum injury or infection. 
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The doctor will also have a microscope 
for magnifying tiny objects, thermometers 
for measuring body temperature, a stetho¬ 
scope for listening to your heart and lungs, 
and an X-ray machine for making your in¬ 
sides visible. Let us see how each of these 
instruments helps the physician to examine 
your physical fitness. 

THE DOCTOR AND 
THE MICROSCOPE 

The microscope is one of the most im¬ 
portant tools of the health scientist. It is 
found in all laboratories today, and it has 
an interesting history of development. 

It seems likely that in ancient times, 
someone who was polishing rocks and gems 
may have noticed the magnifying power 
of clear stones of certain shapes. Later, 


Fig. 1-22. Chest X-ray and fluoro - 
scope examinations are important 
health checks. (Courtesy General 
Electric Co.) 











Fig. 1-23. These arc some examples of lenses used as magnifying glasses. 
(Courtesy Battsch and Lomh Co.) 


people learned the art of making glass, 
and of melting, shaping, and polishing it. 
This knowledge led to the making of lenses , 
which could he used to make small objects 
appear larger. A lens is a piece of glass 
which has been curved in a special way. 
A magnifying glass is a good example of 
a simple lens. 

A single lens used to magnify objects 
is sometimes called a simple microscope. 
Two or more lenses of a special shape 
placed at opposite ends of a tube make 
what is called a compound microscope. 

The First Compound Microscope. 
It is not definitely known who first mounted 
two lenses in a tube to make a compound 
microscope. However, credit for this in¬ 
vention is most often given to Zacharias 
Jansens of Holland, who experimented with 
lenses about 1590. Look at Fig. 1-24. The 
lens near the object is called the objective 
lens. This lens will magnify objects placed 
beneath it. The lens near the eye, or 
ocular lens, will magnify the object still 
further. 


Early Workers with the Microscope. 
Among the first scientists who made use 
of the microscope were Anton Van Leeu¬ 
wenhoek of Holland, and Robert Hooke 
of England. 

Van Leeuwenhoek, who worked 
around the middle of the 17th century, was 
the first scientist to consider the microscope 
more than a toy. He used only simple 
microscopes which he ground himself with 
great care. With these, he studied every¬ 
thing he could find and made careful notes 
of his discoveries. From his notes we know 
he was the first to learn that there were 
living things too small to be seen by the 
human eye without the help of a micro¬ 
scope. 

Robert Hooke did much of the early 
experimentation with the microscope. He 
was the first scientist to use the word cell. 
Cells are the tiny units of which all living 
things are made. He published books on 
the subject,- and improved the instrument 
so much that he is often called the inventor 
of the true compound microscope. 
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The Microscope Brought Progress 
in Medicine. In 1661, when Marcello Mal¬ 
pighi, an Italian doctor, used his micro¬ 
scope and saw the tiny blood vessels in 
the lung of a frog, he started a great 
change in the field of medicine. Scientists 
at that time generally believed that the 
blood flowed from arteries, or tubes that 
carry blood from the heart, into open 
spaces within the body. From the open 
spaces the blood was supposed to enter into 
veins, or tubes that carry the blood back 
to the heart. However, by using his micro¬ 
scope, Malpighi showed that the blood 
flows from the arteries to the veins through 
tiny tubes called capillaries. 



Fig. 1-25. Typhoid fever bacteria as 
seen under a microscope. (Courtesy 
Lederle Laboratories.) 


Fig. 1-24. A modern microscope is a 
very useful tool of medical science. 
(Courtesy American Optical Co.) 



Former beliefs about living things too 
small to be seen without a microscope also 
changed rapidly. Many doctors did not 
believe that these tiny creatures could 
cause disease. But now, through the aid 
of the compound microscope, it became 
possible to study tiny living things such as 
bacteria and to prove that some of them 
do cause disease. 

How the Microscope Helps to Keep 
You Fit. By the year 1800 the microscope 
was improved enough to make possible 
many of the advances that have taken place 
in modern medicine. The microscope has 
enabled scientists to learn the causes of 
many diseases and to better understand 
how your body works. By studying dis¬ 
charges of the nose and throat through the 
microscope scientists can identify bacteria 
such as those causing diphtheria, tubercu¬ 
losis, and pneumonia. In fact, the micro¬ 
scope is important in preventing and curing 
almost all of man s diseases. 

The modem microscope, which you 
can expect to find in your doctor’s office 





and in your school laboratory, makes ob¬ 
jects appear up to about 2000 times larger 
than they really are. This magnification is 
not great enough to enable you to see the 
germs of many diseases like polio or in¬ 
fluenza or even the common cold. But 
scientists have perfected a new kind of 
instrument known as the electron micro¬ 
scope. This tool does not use lenses like 
the ordinary microscope. Instead, the elec¬ 
tron microscope shows a magnified picture 
on a screen similar to that in a television 
set. Germs can be magnified up to 100,000 
times, and much has been and will be 
learned about the prevention and control 
of disease by means of this wonderful 
instrument. 

MEASURING BODY HEAT 

The temperature of the body is often 
a clue to the state of your health. Normally 
the temperature of the body remains about 
the same. Your body has many ways of 
controlling your temperature so that it 


never changes much unless you are ill. For 
example, if you become too hot while play¬ 
ing ball, you start to sweat. The perspira¬ 
tion on your skin evaporates, or disappears 
into the air. This evaporation cools your 
body and keeps your temperature from ris¬ 
ing. If you become chilled, the little open¬ 
ings, or pores, in your skin close up and 
may even give you “gooseflesh,” as your 
body tries to keep its heat from escaping. 

The doctor uses a specially designed 
thermometer called a clinical thermometer 
to measure your temperature. Normal body 
temperature is considered to be 98.6 de¬ 
grees, on the Fahrenheit thermometer. 
However, this may vary slightly in different 
people and at different times of the day. A 
body temperature above normal is called 
a fever. 

A fever of a few degrees above 98.6 is 
usually a sign of illness. For example, peo¬ 
ple suffering from tuberculosis usually 
show a rise in body temperature during the 
afternoon. Thus the thermometer gives 
the physician another way to discover the 
presence of a disease. 



Fig. 1-26. Why is the use of a thermometer a better way of finding out if 
you have a fever? 
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Fig. 1-27. Do you get regular 
health examinations? (Courtesy 
Chester Studios.) 



LISTENING TO VITAL ORGANS 

Have you noticed the careful way in 
which a mechanic listens to the sounds 
made by the automobile he is working on? 
These sounds tell him whether the motor 
is operating smoothly or whether some of 
the moving parts of the car need attention. 
In the same way, sounds within the body 
tell the doctor much about the condition of 
certain of the body’s important parts, 
known as vital organs. This is especially 
true of the heart and lungs. 

Perhaps you have had the experience 
of hearing a noise carried to your ear 
through a solid object like a piece of wood. 
If not, try this now. Put your ear down to 
the top of the table or desk at which you 
are reading. Then scratch the underside of 
the desk top gently. Notice how loud the 
sound is. Now take your ear away and 
continue to scratch. Do you see how much 
difference there is in loudness? The steth¬ 
oscope makes use of this ability of solids 
to increase the volume of sounds. When 
your doctor places one end of this instru¬ 
ment against your chest, he can hear 


sounds from within your body which travel 
to his ears through metal tubes. The next 
time you go for a health check-up, ask your 
doctor to let you listen to the stethoscope. 

With the aid of the stethoscope much 
can be learned about the heart and lungs. 
In certain heart conditions, there is a sound 
or murmur which is different from that of a 
normal heart. A diseased area in the lung 
will give rise to a flat sound when tapped 
with the fingers, which contrasts with the 
drum-like sound of a healthy lung. Diseases 
like pneumonia, bronchitis, and pleurisy 
can be detected with the stethoscope, and 
a quick discovery will usually result in a 
quick cure. It is for this reason that no 
medical examination is complete without 
the use of the stethoscope. 

USING X-RAYS TO SEE 
VITAL ORGANS 

X-rays, which are produced by the 
machines you have seen in your doctor’s or 
dentist’s office, are very strange in the way 
that they behave. In many ways they are 


INFORMATION OBTAINED FROM REGULAR HEALTH EXAMINATIONS 
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Fig. 1-28. Discussing an X-ray picture 
with a patient. (Courtesy U. S. Public 
Health Service.) 

similar to light rays which come to your 
eye from the sun or from electric light 
bulbs. However, X-rays are invisible and 
can pass through many solid objects. 

When doctors realized this fact, they 
saw the possibility of examining the insides 
of a body without the need for actual sur¬ 
gery. But how could these invisible rays be 
made visible? Fortunately, it was discov¬ 
ered that these rays can be made to pro¬ 
duce pictures on photographic film. 


Suppose a doctor wishes to examine 
the bone in your upper arm. The first thing 
he would do is to put a piece of film on one 
side of your arm. Next he would “shoot 
some X-rays through your arm from the 
other side. The X-rays go through the skin 
and flesh and blood easily, so they would 
reach the film without any trouble. But, 
X-rays do not go through bone very well. 
This means that the bone would show up 
as a shadow on the film, and the doctor 
could tell whether it was broken or diseased 
or healthy. X-ray methods have been im¬ 
proved so that the doctor can now make 
many of your vital organs visible. Diseases 
of the lungs, bones, stomach, and intestines 
can be detected with great accuracy. The 
X-ray has become a most important tool 
in the prevention and treatment of disease. 

Now that you have seen some of the 
wonderful tools of the health scientist, 
would you go to a doctor only when you 
think you are ill? Or should you go for reg¬ 
ular check-ups in order to permit the early 
detection of any abnormal condition or dis¬ 
ease? Which procedure is making better 
use of the scientific method in taking care 
of your health? How often do you think 
you should go to your doctor for a health 
check-up? 



1. Many problems arise in modern liv¬ 
ing. These may be best solved by applica¬ 
tion of the scientific method, the steps of 
which include: 


a. Understanding and clearly stating the 
problem. 

b. Gathering facts and evidence from 
authorities. 
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c. Experimenting, when necessary, to get 
more facts. 

d. Using the facts and evidence in arriv¬ 
ing at the best possible answer. 

e. Checking the answer to make sure that 
it fits. 

2. It is advisable to get information 
from many sources when tackling a prob¬ 
lem. 

3. Open-mindedness and freedom 
from superstition are important in ar¬ 
riving at the best solutions for the prob¬ 
lems of modern living. 

4. It is wise to be skeptical and to sus¬ 


pect second-hand information when solv¬ 
ing a problem. 

5. Local and state health departments 
are important in preventing disease, con¬ 
trolling epidemics, and keeping the com¬ 
munity sanitary. 

6. Local and Federal laws also protect 
your health and safety. 

7. Scientists, physicians, and health 
workers apply the scientific method in their 
work. They make accurate observations 
with such instruments as the microscope, 
the stethoscope, the thermometer, and the 
X-ray machine. 



1. A boy heard his mother complain¬ 
ing about how slowly her laundry was dry¬ 
ing on a particular day. He became inter¬ 
ested in what causes water to evaporate 
more readily and performed the following 
experiments which you might try: 

a. Partly fill 2 beakers or cups of the 
same size with equal amounts of water. 
Heat one beaker gently until all the 
water evaporates. Compare this with 
the control. 

b. Place equal amounts of water in a flat 
saucer and a test tube and let them 
stand uncovered overnight. Compare 
the water left in the flat saucer with 
your control in the test tube. 

c. Place equal amounts of water in two 
identical beakers or cups. Allow a 
fan to blow across one beaker and keep 
the control aside. Compare the volume 
of water left in each beaker after a few 
hours. 


Explain the results. What steps of the 
scientific method are being followed? 

2. The normal temperature for the 
human body is 98.6 degrees Fahrenheit. 
Actually, however, individual body temper¬ 
atures vary and this is only an average 
body temperature. How could you and 
your classmates perform a scientific experi¬ 
ment with a thermometer to prove that this 
is an average? How would you sterilize the 
thermometer after each use? 

3. Perhaps your teacher can suggest 
places which you might visit in your com¬ 
munity to observe how the scientific 
method is being applied in maintaining 
or improving health conditions. 

4. Find some labels which show the 
effect of the Food, Drug, and Cosmetic 
Laws. 

5. Obtain a copy of your own birth 
certificate. Note the information it con¬ 
tains. 
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(i. Find out how the use of modern 
drugs lias affected the deaths caused by 
pneumonia. Refer to the vital statistics 
published by your local health department 
or by large insurance companies. 

7. Read the story of Dr. Walter Reed 
and yellow fever and show how Dr. Reed 
proved that the mosquito carried the dis¬ 
ease. How did Dr. Reed apply the scien¬ 
tific method? 

8. Describe a superstition you have 
heard of. How would you show that it is 
not founded on fact or reason? 

9. Make a model of a doctor’s stetho¬ 
scope. using a small funnel, rubber sheet¬ 
ing. a "T ’tube. and rubber tubing. Try it. 
Does it work? 

10. Perhaps members of the class and 
your teacher can bring to class X-ray photo¬ 
graphs showing various sections of the 



Fig. 1-29. A simple, homemade stetho¬ 
scope can be put together from a small 
funnel, some rubber tubing, and some 
glass tubing. 

body. What do you observe? Explain how 
such X-ray photographs are helpful in 
combatting disease. 



Choose the best answer: 

1. A means of trying something out to 
observe what happens is called (a) a pro¬ 
cedure. (b) an experiment, (c) an observa¬ 
tion, (d) straight thinking. 

2. The first step in solving a problem 
is to (a) understand the problem, (b) ask 
your druggist, (c) worry about the prob¬ 
lem, (d) experiment. 

3. The best sources of health informa¬ 
tion are (a) television advertisements, (b) 
newspaper advertisements, (c) local health 
departments, (d) your neighbors. 

4. A person who questions statements 
before he believes them is (a) “nosy,” (b) 
unintelligent, (c) skeptical, (d) not trust¬ 
worthy. 


5. An instrument which is able to lo¬ 
cate “tagged atoms” is called (a) a Geiger 
counter, (b) an atom smasher, (c) a stetho¬ 
scope, (d) a cyclotron. 

6. Diseases which can be spread from 
person to person are called (a) cancerous, 
(b) chronic, (c) acute, (d) communicable. 

7. The Salk vaccine fights the disease 
(a) typhoid fever, (b) tuberculosis, (c) 
infantile paralysis, (d) cancer. 

8. When your body is able to resist 
certain diseases it is (a) epidemic, (b) 
toxic, (c) radioactive, (d) immune. 

9. Chemicals or other substances 
manufactured in your body to help fight 
certain diseases are (a) vaccines, (b) anti¬ 
bodies, (c) serums, (d) quarantines. 
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MORE QUESTIONS 


1. Briefly describe the steps of the sci¬ 
entific method of solving problems. 

2. Why is second-hand information 
likely to be unreliable? 

3. Why do most cities have health de¬ 
partments? 

4. How do food and drug laws protect 
your health? 


5. How can your family doctor help 
you keep fit? 

6. Why does a doctor analyze blood 
and urine? 

7. Describe how the microscope can be 
used to detect a particular disease. 

8. How do X-rays make the interior 
of your body visible? 
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PROBLEM 1 
PROBLEM 2 
PROBLEM 3 


Do vou know what to eat? 

* 

Must you take pills to get vitamins? 

What is the source of your food 
supply? 
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THE DAILY DASH FOR THE HOT DOG 
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Toni had just entered Hilltop Junior High School. 

Of course, he was very much excited about Hilltop, but it was 
only the second day of the new school year and he still felt like a 
stranger. He was on his way to the school cafeteria when, much to his 
joy, he met Paul and Ricky. During the summer months Tom had played 
baseball with both these boys, and since they had been at Hilltop 
for a year, he started to feel at home. 

“Why are you going in there?” Paul asked, looking toward the 
school cafeteria. “Oh, I just thought Td get some lunch,” Tom replied, 
trying to appear as “grownup” as he could. 

“What, on a beautiful day like this!” Ricky exclaimed. “Come 

9 • 

along with us to the lunch wagon for a hot dog and a bottle of pop.” 

Tom hesitated but finally agreed. They walked toward the corner 
of the next block where there was a small truck which the older boys 
called the lunch wagon. “Maybe I don’t have enough money,” said 
Tom, “I only have 30 cents a day for mv lunch.” 



The older boys both laughed. “That's one of the good reasons 
for coining to the lunch wagon,” Paul said. “You can get a hot dog and 
a bottle of pop for 25 cents and still have enough left for a candy 

bar after school.” 

“Okay,” said Tom, “it’s nice to be outside because it sure is a line 

day.” Tom enjoyed his candy after school and was glad that he had 

joined the boys for an outdoor lunch. However, by five o’clock he 

seemed to feel hungrier than usual. 

The next day Tom tried the Hilltop cafeteria and had a hot lunch 

consisting of a beef patty, mashed potatoes, peas, carrots, a glass of 

milk, and a cup cake. It cost him 30 cents. 

Tom enjoyed this meal. For one thing, it tasted good. Secondly, 
he had the feeling that the school lunch was better for his health. Per¬ 
haps it was something he had heard at home or something he had 
read. He didn’t understand exactly why, but he was sure that if Paul 
and Ricky invited him back to the hot dog wagon he would say, “No.” 

Was Tom right about the lunches? Is there a scientific reason 
why one lunch is healthier than the other? What do you think? 


Fig. 2-1. Do you have a good 
lunch? How do you know if it 
is good? (U.S.D.A. photo by 
Knell.) 






Do you know what to eat? 



FOOD SUPERSTITIONS 

Are you superstitious about foods? 
Many people have strange beliefs about 
certain foods that have no basis in fact. For 
example, some people are afraid of eating 
fish that have no scales. Some think that 
the green tops of beets are harmful. Toma¬ 
toes were once believed by many people to 
be poisonous. Fish has always had a false 
reputation as a “brain” food, and there are 
people who will never drink water after a 
seafood meal, fearing that the fish will 
come to life in their stomachs. Of course, 
these fears sound silly when you read about 
them, but is it possible that you are afraid 
of certain foods? 

An excellent project that you might 
like to try is to list all the food fears and 
strange beliefs about foods that you can 
gather from your parents, classmates, and 
others. Hold this list until you have fin¬ 
ished studying this cycle. Then discuss the 
items you have listed with your teacher 

DO YOU KNOW WHAT TO EAT? 


and classmates to see whether there are 
any scientific reasons for these fears or 
whether they are only superstitions. 

WHAT DO YOU EAT? 

Of course, everybody knows that you 
must eat to stay alive. But why do you eat 
the things that you do? Is your choice of 
food based only on what tastes good and 
looks good? Or is your diet based on what 
is best for your health? People have many 
reasons for choosing certain foods and 
refusing others. Some of these reasons are 
foolish and unscientific, and often lead to 
poor health. Remember that what you eat 
becomes a part of you, and that your good 
health and appearance depend upon the 
foods you choose. 

Perhaps you are not superstitious 
about what you eat. Maybe you only eat 
those foods which you enjoy. Is this good 
for your health? How can a scientist tell 
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Fig. 2-2. This machine 
mixes the juices of fruits 
and vegetables. Would 
you rather eat these in 
the solid form? (Cour¬ 
tesy John Osier Co.) 


whether certain foods are valuable? How 
can he tell what is important to vour diet 
and what is not? A great many facts about 
foods and their uses have been discovered. 

The Science of Nutrition. The study 
of foods and how the body makes use of 
them is known as the science of nutrition. 
Nutrition experts have discovered that the 
body has many food requirements for good 
health. For one thing, you must have 
enough food. Secondly', the food must be 
the right kind of food, and finally, your 
body must be able to make use of the things 
you cat. If any one of these requirements 
is missing, you will soon be suffering from 
malnutrition. This means that your bones 
and blood and the other parts which make 
up your body are not being properly fed. 
Of course, it is easy to see how you would 
become ill if you did not get enough food. 
But how about too much of the wrong 
foods? A person who ate only large amounts 


of pastries every day would soon find him¬ 
self becoming weak. He might also find 
that his health in general would be poor, 
and it would be easier for such a person to 
catch many colds and other diseases. You 
will soon understand the reason for this. 
In some cases, a person may have all the 
necessary foods in the best possible balance 
and still not be properly nourished because 
some condition prevents him from making 
proper use of the foods which he has eaten. 
An example would be a person suffering 
from diabetes. Diabetes is a disease which 
does not allow the body to make proper use 
of the sugar it gets. A diabetic person may 
then become undernourished. 

Probably most of the cases of malnu¬ 
trition in the United States are not caused 
by a lack of money for buying food or by 
a lack of available food. Rather, such poor¬ 
ly nourished people are careless about what 
they eat and do not pay attention to the 
important matter of diet. 
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Fig. 2-3. These children 
are studying the effects 
of different foods on 
white mice. (Courtesy 
1 1 . S. Office of Educa¬ 
tion.) 



WHAT FOODS DOES 
YOUR BODY NEED? 

Measuring the Fuel Value of Food. 
The body requires a certain amount of en¬ 
ergy to keep it going. Just as an automo- 
bil e needs gasoline to keep the engine run¬ 
ning and the wheels turning, so your body 
needs food to keep your heart beating, to 
keep your body temperature normal, and 
to enable you to breathe and to work. Food 
is the fuel which provides the necessary 
energy for these and all other activities. If 
more food is eaten than the body can use, 
it is turned into fat. If less food is eaten 
than is needed for energy, the body will 
use its own fat to make up the difference. 

The value of food as a fuel is measured 
in Calories. The number of Calories in a 
food tells you how much energy the food 
will supply. This number is found by burn¬ 
ing a certain amount of the food so as to 
heat a certain amount of water. When the 
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nutrition scientist sees how much the water 
temperature has changed, lie can tell how 
many Calories the food contains. Notice 
that we spell Calories with a capital “C.” A 
calorie with a small “c” is only 1/1000 of a 
large Calorie. 

Most men who do not do physical 
labor need from 2,000 to 3,000 Calories per 
day depending on how active they are. 
Women need somewhat less. Boys and girls 
of junior high school age are likely to need 
about the same number of Calories as 
adults, even though children may weigh 
much less than adults who eat the same 
amount of food. Of course, there are im¬ 
portant differences between individual 
people. A person who is much more active 
than others will require many more Calo¬ 
ries. 

As you may already have learned, not 
everybody who is the same age 
requires exactly the same amount 
Daily food requirements vary with 



of work which is done and the amount of 
exercise. But most people can compare 
their daily intake of food with the number 
of Calories needed by average people. The 
table which follows gives a rough idea of 
Calories needed by junior high school pu¬ 
pils and adults. 

FOOD ENERGY: RECOMMENDED DAILY 

ALLOWANCES ° 


Children up to 12 years 


1-3 years 

1200 

Calories 

44 

•1-6 years 

1600 

44 

7-9 years 

2000 

4 M 

10-12 years 

2500 

4 • 

Youth over 12 years 

Girls, 13-15 years 

2800 

€> 

“ 16-20 years 

3400 

• • 

4 4 

Boys, 13-15 years 

3200 

• • 

” 16-20 years 

3800 

9* 

Man (154 lbs.) 

Moderately active 

3000 

«« 

4 4 

Very active 

4500 

4 € 

Not very active 

2500 

■ « 

Woman ( 123 lbs.) 

Moderately active 

2500 Calories 

_ M S. 

Very active 

3000 

4 4 

Not very active 

2100 

• • 


• Adapted from Recommended Dietary Allowances, 
Committee on Food and Nutrition, National Re¬ 
search Council. 


Fig. 2-4. You need more Calories 
when you are active. 



THE MORE YOU WORK 

THE MORE YOU NEED TO EAT 

The food energy table shows you that 
very active work calls for more Calories 
than less active work. Activity of the body 
is the most important factor in determining 
the number of Calories needed. However, 
even people who do no work at all need 
energy foods to keep alive and healthy. 
The internal work of the body, such as the 
heartbeat, breathing, and other processes, 
requires energy. You are using energy 
all the time, even when you are lying quiet¬ 
ly or when you sleep. 

Boys of average size need more Calo¬ 
ries than girls of average size, because boys 
usually have larger muscles and heavier 
bones than the girls have. This is also true 
for men and women. 

Cold weather and cold climates in¬ 
crease the food requirements. This is true 
because the body loses heat through the 
skin faster when the outside temperature 
is colder. Since body temperature must be 
maintained at about 98.6 degrees Fahren¬ 
heit, more food is needed when more heat 
is lost. Thus those who work or play out¬ 
doors during cold weather require more 
food than those who work indoors. 

When you are ill, you may require a 
different amount of food energy. The doc¬ 
tor knows this, and will usually prescribe 
a special diet if it is needed. 

Foods for Energy. Have you ever 
stopped to think of the tremendous variety 
of foods that are available in the world? 
Your diet and that of your classmates may 
be almost the same, but think of the diets 
of the Japanese or the Mexicans or other 
nationalities. How is it that people can live 
and remain healthy even though their 



Fig. 2-5. Cold weather and exercise require extra food. Why? (Courtesy U.S.D.A.) 


choice of foods may be so different? The 
answer is that all foods may be separated 
into only a few different types or classes. 
These classes are carbohydrates, fats, pro¬ 
teins, minerals, and vitamins. 

The carbohydrates are foods which 
contain starch or sugar in some form. Some 
of the foods that are rich in carbohydrates 
are bread, cake, macaroni products, pota¬ 
toes, and fruits. These foods supply most 
of the Calories in your daily diet. The fats 
are another good source of Calories. These 
are foods which contain substances such 
as butter, margarine, lard, and vegetable 


oils. Although the fats are rich in Calories, 
they are more difficult for the body to use 
than carbohydrates. Therefore, a good diet 
will not include too many foods from this 
class. 

Getting enough energy is only one of 
the reasons that you eat. As you go about 
your day’s work or play, many of the tiny 
cells that make up your body are constantly 
being worn out. Such cells must be replaced 
all the time. Occasionally you may cut 
yourself. Then more cells are destroyed. 
These, too, must be replaced. In addition, 
you must eat to grow. New cells must be 
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SUGAR 

GRANULATED 


maple sugar 


WHITE BREAD 



CARBOHYDRATES 100.0 

FUEL VALUE 

1800 CALORIES PER POUND 



FUEL VALUE 

1500 CALORIES PER POUND 



FUEL VALUE 

1200 CALORIES PER POUND 


POTATO 



BANANA 

EOIBLE PORTION 



CORN 

EDIBLE PORTION 


CARBOHYDRATES 19.7 


WATER 75.4 



FUEL VALUE 

385 CALORIES PER POUND 


FUEL VALUE 

460 CALORIES PER POUNO 


FUEL VALUE 

500 CALORIES PER POUND 


PROTEIN 

0.4 


APPLE 


WATER 
84.6 



CARBOHYDRATES 14.2 
FUEL VALUE 

290 CALORIES PER POUND 


HARD CANDY 


WATER 3.0 



ASH 0.5 


CARBOHYDRATES 96.5 


FUEL VALUE 

1745 CALORIES PER POUND 


DRIED FIG 

EDIBLE PORTION 


WATER 

PROTEIN 



CARBOHYDRATES 74.2 


FUEL VALUE 

475 CALORIES PER POUND 


hi". 2-6. Sonic foods rich in carbohydrates. Nutrients are indicated in per cent. 
Ash represents the mineral content after the food is burned. 


added and others must increase in size as 
you grow bigger and stronger. 

Proteins Are Body Builders. Protein 
is the material which is most important in 
building and rebuilding the soft tissues and 
muscles of the body. Protein is an im¬ 
portant part of all living things, both plants 
and animals. Experts in the field of nutri¬ 
tion say that some proteins are more useful 
to your body than others. To make sure 
that you have enough of these proteins, you 
need to eat a variety of protein-rich foods 
such as eggs, meat, fish, or milk. You do 
not need to eat all of these each day, but 
one or more from this group should be in¬ 
cluded in the daily diet. Bread, beans, 
cereals, peas, and other vegetables may 
supply the rest of your necessary protein 
diet. 

Minerals Build Tissues. Certain min¬ 
erals, as well as proteins, are important 
body-building materials. Any substance 
which is not plant or animal is a mineral. 
Minerals are used in building bones and 
teeth. They also aid in growing and main¬ 
taining the blood supply, nails, hair, and 
nerve tissues. Growing children require 
larger amounts of mineral foods than most 
adults, because they are building new 
bones, teeth, blood, and other tissues. Min¬ 
erals needed include phosphorus and cal¬ 
cium, which go into the bones and teeth, 
iron for the blood cells, and sodium, iodine, 
and other minerals which must be present 
in different parts of the body in very tiny 
quantities. 

The best sources of calcium, which is 
so important in building bones and teeth, 
are milk and milk products such as butter 
and cheese. Some other foods from which 
calcium is obtained are spinach, carrots, 
turnips, cauliflower, and other green and 


VEGETABLE OILS.AS OLIVE, 

PEANUT ANO COTTONSEED 



I 


FAT 100.0 


FUEL VALUE 
4080 CALORIES 
PER POUND 


BACON 

PROTEIN 9 4 


ASH 4.4 



FAT 67 4 
WATER 18.8 


BEEF SUET 



WATER 13.2 
PROTEIN 4.7 


FAT 81.8 


FUEL VALUE 
3090 CALORIES 
PER POUND 


ASH 0.3 


FUEL VALUE 
3425 CALORIES 
PER POUNO 


FAT 83.0 
ASH 3 0 



LARD 



FAT 100.0 


PROTEIN 1.0 

FUEL VALUE 
3405 CALORIES 
PER POUND 


FUEL VALUE 
4080 CALORIES 
PER POUND 


Fig. 2-7. Some foods rich in fat. Nu¬ 
trients are indicated in per cent. Ash 
represents the mineral content after 
the food is burned. 

yellow vegetables, as well as eggs and nuts. 
None of these, however, can replace milk, 
ft does not matter how milk is obtained in 
the diet, but it is extremely important that 
enough milk be taken each day. Growing 
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CREAM CHEESE 


LAMB CHOP 
EOIBLE PORTION 


WATER 53.0 FAT 28.3 



SMOKED HAM 
EDIBLE PORTION 


CARBOHYDRATES 2.4 
PROTEIN 25.9- ASH 3.8 


540 CALORIES PER POUND 




WATER 34.2 FAT 33,7 

FUEL VALUE 

1950 CALORIES PER POUND 


BEEF STEAK 
EDIBLE PORTION 


1940 CALORIES PER POUND 


ASH 1.0 



WATER 61.9 


PORK CHOP 

EDIBLE PORTION 


FAT 10. 

PROTEIN 10.6 
FUEL VALUE 

1130 CALORIES PER POUND 


WATER 



FAT 30.7 
ASH 1.0 


COTTAGE CHEESE 

WATER 72.0 


PROTEIN 16.9 

FUEL VALUE 

1500 CALORIES PER POUND 


FAT 1.0 „ 

CARBOHYDRATES-* 

4.3 


'Ct _ 


■ynrrtmniwmmnirr 


PROTEIN 

20.9 


ASH I.B 

FUEL VALUE 
510 CALORIES PER POUND 


DRIED BEEF 
EDIBLE PORTION 


WHOLE EGG 


WATER 54.3 


PROTEIN 30.0 

ASH 9.1 



FAT 6.6 


FUEL VALUE 

040 CALORIES PER POUND 


PROTEIN 14.8 

FAT 10.5 
ASH 1.0 



WATER 73.7 


COD 

LEAN FISH 
WATER 82.6 


FAT .4 



MACKEREL 

FAT FISH 


WATER 73.4 _ FAT 7.1 


FUEL VALUE OF WHOLE EGG 
700 CALORIES PER POUND 

NAVY BEAN,DRY 

WATER 12.6 
PROTEIN 22.5 


PROTEIN 15.0 
FUEL VALUE 

325 CALORIES PER POUND 


ASH 1.2 



PROTEIN 18.3 
FUEL VALUE 

645 CALORIES PER POUND 


ASH 1.2 



ASH 3.5 _ _ 

^ FAT 1.8 
CARBOHYDRATES 59.6 

FUEL VALUE 

1600 CALORIES PER POUND j 





Fi". 2-8. Some foods rich in protein. Nutrients are indicated in per cent. 
Ash represents the mineral content after the food is burned. 


children need at least one quart a day. This 
does not have to be in the form of liquid 
milk; it may be included in cereals, ice 
cream, puddings, or cheeses. Nutrition ex¬ 
perts say that a two-ounce piece of Ameri¬ 


can cheese supplies as much calcium as a 
pint of milk. 

You Need These Minerals Too. 
Small quantities of iron are vital to your 
bodv health. This iron is not like the iron 
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you would find in a nail. It is combined 
with other chemicals and takes a different 
form. Iron helps the blood to carry the 
necessary oxygen from the lungs through 
the blood vessels to all parts of the body. 
If you do not have enough iron, you will 
feel tired and lack energy. Your doctor may 
tell you that you are suffering from anemia. 
Foods which supply iron include liver, egg 
yolk, and green vegetables. Meat products 
such as animal hearts and kidneys also sup¬ 
ply iron. Other plant foods which contain 
some iron include bread, cereals, beans, 
peas, and raisins. 

Sodium and phophorus are two min¬ 
erals which are needed in very tiny quan¬ 
tities. They usually do not require any spe¬ 
cial attention in meal planning because 
they are present in a large variety of foods. 

Iodine is another mineral that is essen¬ 
tial, even though only tiny amounts are 


needed. Lack of iodine in the food supply 
may lead to a condition called goiter. Goiter 
usually appears as an enlargement of the 
thyroid gland in the throat, and leads to a 
slow-down in the action of the entire body. 
In the past, goiter cases were found in re¬ 
gions where iodine was lacking in the soil 
and therefore in foods grown in the soil. 
This condition has been largely corrected 
by the use of salt containing small quanti¬ 
ties of iodine. Iodized salt has been ap¬ 
proved by medical and health authorities 
for use in regions where iodine is normally 
lacking. 

Can You Balance Your Diet? A 

balanced diet means a diet in which all the 
necessary food materials are present in 
about the right amounts. Any set of rules 
for obtaining a balanced diet would have 
to be changed to suit your own particular 
needs. 



% 

Fig. 2-9. A daily diet that in¬ 
cludes foods like these will sup¬ 
ply a human body with all the 
protein, minerals, and vitamins 
it needs. (U.S.D.A. photo by 
Forsythe.) 
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YOUR BALANCED DIET SCORECARD 0 


Foods 

Minimum Number of 

Servings Per Day 

Perfect 

Score 

Your 

Score 

Milk 

One quart—for children 

One pint—for adults 

20 


Vegetables 

Two—one raw, one leafy, green, 
or yellow 

15 


Fruits 

Two—one citrus, or tomatoes 

15 


Potatoes 

One 

10 


Eggs 

One 

10 


Meat, Fish, 
or Poultry 

One 

10 


Margarine or 

Butter 

Three squares (Margarine should have 
Vitamin A added) 

10 


Whole Grain 

Bread or Cereal 

Two 

10 


Other Foods 

As needed to meet Calorie 
requirements 

X 



, Total Score 

100 


0 Cleveland Health Counci 

1, Nutrition Service, Cleveland', Ohio. 




Most experts in the field of nutrition 
agree that some foods from each of the 
seven groups listed in the chart should be' 
eaten each day. Also, foods such as cakes, 
cookies, pies, sauces, salad dressings, and 
others are needed to complete the three 
daily meals. Such foods are not essential 
for a balanced diet or for good health, but 
this does not mean that they are harmful 
in any way if eaten in moderate quantities. 

Scoring Your Daily Diet. You can- 
arrange a system for keeping score of your 
daily diet. Such a scorecard helps you 
check your own diet to see if it is balanced. 
Remember, do not write in this book. 

The scoreboard shown on this page 
might not suit your daily diet exactly. You 
could change this scorecard in many ways 
and still have a balanced diet. Perhaps you 

DO YOU KNOW WHAT TO EAT? 


and some other pupils in your science class 
might be interested in working out substi¬ 
tutes for some of the items listed. The most 
important thing to remember is that your 
* continued good health depends very much 

dn a good, balanced diet. 

% # 

• i 

I , \om FOOD ATTITUDES 
V» 

Of you vvere to take'a poll of the pupils 
‘ irt your science clas^on their food likes and 
^lsfikes, you might find some interesting 
r-'You would probably find that almost 
QV^^tnjpil couid name one or more foods 
#t •hi ^©r^he finds unpleasant. Almost 
e^gtfone likes some foods better than 
' Usually food likes and dislikes are 

not important enough to cause any injury 
to the health of the individual. This is be- 
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Fig. 2-11. Do you enjoy fish as 
food? (U.S.D.A. Soil Conserva¬ 
tion Service photo.) 


cause there are some foods in each of the 
basic groups which nearly everyone will 
enjoy. 

Experts in the field of nutrition and 
psychologists, who are experts in the way 
the human mind works, agree that food 
dislikes are usually a state of mind. With 
rare exceptions it is possible, the psycholo¬ 
gists say, to learn to like any wholesome 
food. If there are foods which you do not 


like or think you do not like, this may be 
because, as a young child, you heard some 
older person say that the food was not 
good. Or perhaps you connect the food 
you do not like with some unpleasant ex¬ 
perience. 

You may learn to like a greater variety 
of foods if you make use of what you have 
learned about the scientific method. Think 
of a food you dishke and try to recall some 



Fig. 2-12. Why will the 
hoys enjoy food in these 
surroundings? (V. S. 
Forest Service photo.) 




facts which may explain your dislike. Can 
you decide why you do not like the food 
in question? If, for example, you do not 
like a food because it is related to some 
unpleasant experience you have had, try 
an experiment. Eat some of the food at a 
picnic or at some other time when you are 
enjoying yourself, and see whether you still 
dislike it. What other experiments might 
you try with foods you do not like? 

If there are many foods which you 
do not like or which you believe do not 
agree with you, then it is important for 
you to ask a physician. The doctor should 
be able to tell whether you are in ill health 
and dislike foods for this reason, or whether 
your food dislikes are without any real 
basis. 

Authorities agree that the proper sur¬ 
roundings are important for good eating. 
People may come to dislike any or all foods 
if they never have the proper atmosphere 
in which to eat. No matter how well pre¬ 
pared or attractively served, food will not 
agree with you if there are unpleasant 
noises, odors, or other disturbances at the 
table. Particularly bad are exciting radio 
or television programs at meal time. Dis¬ 
cussion of unpleasant topics should always 
be postponed until after meals. For the 
sake of your health, quarrels have no place 
at your dinner table. 

Food dislikes may develop as a result 
of seeing the food only in connection with 
unpleasant surroundings. It is extremely 
important for your happiness, as well as 
your health, that you do all you can to 
make each meal as pleasant as possible for 
yourself and those with whom you dine. 
Put forth your best efforts at being as pleas¬ 
ant as possible, and others are sure to do 
the same. 



Fig. 2-13. Cheaper grades of good 
meat can be made tender by such a 
food chopper or by proper cooking. 
(Courtesy Republic Steel Corp.) 


FEEDING A FAMILY 
AT LOW COST 

Expensive diets are not always better 
than low-cost diets. The homemaker or 
food buyer who wants the most for her 
money must pay attention to food values 
as well as to appearance and taste. When 
possible, it is a good idea to plan meals for 
at least a week in advance. One grocery 
order for the entire week, based on the 
health needs of the family, is likely to save 
money. Buying in larger quantities saves 
nickels and dimes over the cost of buying 
smaller quantities each day. These small 
savings add up to large amounts by the 
end of the year. 
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It helps to shop around to compare 
prices in different stores and to keep in 
touch with up-to-the-minute market prices 
through newspaper advertisements. 

Another way to feed a family at lower 
cost may he through taking advantage of 
special bargain days, weekend sales, and 
"special” sales of perishable foods such as 
fruits, vegetables, and fish. 

Saving Money on Food. Probably 
the most important way to save money on 
a food budget is to buy less expensive 
forms of foods. In doing this, it is import¬ 
ant to be sure that the same food values are 
obtained. For example, you may substitute 
enriched oleomargarine for butter, vege¬ 
table oil for olive oil, lard for more expen¬ 
sive fats, and perhaps, one-day-old bread 
for fresh bread. Or you might buy fresh 
fruits and vegetables only when they are 
in season. You might purchase canned or 
frozen foods when they are cheaper than 
the fresh form of the same food, or buy 
brown eggs instead of only those with 
white shells, and plain forms of all foods 
instead of fancy and high-priced items. 

Wise shoppers who like to save buy 
items in large quantities. When possible, 
they buy potatoes in large bags, cases of 
various kinds of canned goods, and vege¬ 
tables which are available at low cost dur¬ 
ing the autumn and can be preserved for 
the winter. 

Food experts say that -money can be 
saved if the purchaser is careful to read all 
labels on canned and bottled food items. 
Labels indicate the quality and exact 
weight of the contents of food packages. 
Comparison of labels and prices will en¬ 
able you to save. 

Home Preparations May Be 
Cheaper. Money may be saved by careful 


comparison of the cost of ready-to-serve 
foods and uncooked or home-made prepa¬ 
rations. It is generally true that foods pur¬ 
chased in their natural state and prepared 
and cooked in the home are cheaper. 
Already-prepared items such as ginger¬ 
bread mix, pancake flour, biscuit mix, and 
pie dough mix are very convenient but 
usually cost more than home-made varie¬ 
ties of the same things. Ready-to-eat break¬ 
fast cereals are usually quite expensive 
compared with cereals such as oatmeal 
which are cooked in the home. Meat prod¬ 
ucts such as cold cuts, which have already 
been cooked and are ready to serve, are 
usually very expensive for the amount of 
food value they supply. Home baking of 
cakes and cookies is likely to save money, 
especially in larger families. 

Still another factor in feeding a family 
at low cost may be the home garden. A 
successful home garden often supplies from 
y,„ to 1 f, of the total food supply for the 
year. If all available items are stored, 
canned, or preserved properly, the home 
garden may be an important method of re¬ 
ducing the cost of feeding a family. If 
the home does not have a back yard large 
enough for a garden, many communities 
have empty lots and other open space suit¬ 
able for growing vegetables. 

When trying to feed a family at low 
cost, it is important not to go to any ex¬ 
tremes which are likely to be “penny wise 
and pound foolish.” For example, most 
food experts point out that there is no sub¬ 
stitute for an adequate supply of milk for 
growing children. That is to say, it is not 
good economy to reduce the cost of feed¬ 
ing a family by buying less milk for chil¬ 
dren to drink. What other economies can 
you think of that might be unwise? 
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PRISONERS. CHICKENS, 
AND VITAMINS 


£ 

I. ■ 


In 1897, Dr. Christian Eijkman was serving as a physician in a 
prison compound in the Dutch East Indies. The prison was fairly small, 
hut the doctor’s job was very difficult. Most of the prisoners were seri¬ 
ously ill. Many of them had lost their powers of movement. Those 
that could still walk, only staggered. Their bodies were numbed or 
paralyzed. They were weak and near death. There seemed to be no 
treatment for the disease, and the cause was unknown. 

In his search for a possible clue, Dr. Eijkman noticed that the 
chickens being raised on the prison grounds were showing symptoms 
similar to those of the men. Like the prisoners, the chickens were being 
fed mainly on polished rice. This kind of rice has had the outer, brown 


Fig. 2-14. Do yon understand the meaning of each sign in this food exhibit? 
The next few pages will give you the answers. (Courtesy General Mills, Inc.) 











covering removed from its grains. Eijkman suspected that there was 
some connection between the disease and the rice grains. 

By way of experiment, he fed a small group of chickens some 
of the hulls which were discarded when the rice was polished. These 
chickens recovered. The doctor continued his experiments until, at last, 
he was sure that something in the covering of the rice grain was 
necessary for good health. When he asked the prisoners to eat the rice 
hulls, they too became well. His successful experiment started other 
scientists on the road to finding out more about such hidden food 

essentials. . . . 

Years later, in 1912, a word was coined by Dr. Casimir Funk, 

of Poland, to describe the substances similar to those in the hulls of 

rice. He called these substances vitamines. Today we have changed 

the spelling to vitamins and we know a good deal more about them. 

Would you like to read about some of these vitamins and how they 

are important to good health? 



vitamins ? 



If your diet were to consist 
of only pure carbohydrates, fats, proteins, 
and minerals, you would not be healthy 
for very long. Even if these energy-giving 
and tissue-building foods were taken in 
the right proportions, your body would still 
require other things in order to carry on its 
daily work. What are some of the other 
needs? 

WATER AS A BODY 
REGULATOR 

You could live much longer without 
food than without water. Water is one of 
the most important of your body needs. 
Water is necessary in order that your food 
may be dissolved and carried to all the 
cells of your body as it is needed. Water is 
essential in eliminating waste products 
from the body. In fact, almost two thirds 
of your body is water. Your blood is largely 
water and so are all of your cells. The 


amount of water you need to drink depends 
on factors such as the climate, the kind 
of activities carried on, and how much 
water you obtain from other foods eaten. 
Many food experts agree that thirst is a 
fairly safe guide to the amount of water 
that you need to drink. Most doctors advise 
drinking between six and eight glasses of 
water per day. 

VITAMINS ARE BODY 
REGULATORS 

In recent years vitamins were shown 
to be another one of the classes of food 
which you need to keep alive. 

What are vitamins? Where do you 
get them? What do they do for you? Can 
you get enough from your ordinary diet 
without making any special effort to do so? 

Vitamins are food substances which 
are essential to life and health. Vitamins are 
found only in very tiny amounts in foods, 
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Fig. 2-15. Your body needs plenty of 
water. (Courtesy Republic Steel Cor)).) 


but these small amounts are absolutely 
necessary for your normal growth and 
health. As you might guess, they have 
always been present in foods. Their pres¬ 
ence and importance, however, were dis¬ 
covered only rather recently. The word 
“vitamin” itself was first used in the year 
1912. It comes from the Latin word “vita,” 
which means life. Many vitamins have been 

discovered and studied by scientists. At 

* 

first they were known simply by letters — 
A, B, C, and so on. More recently some 
of the original vitamins have been found 
to be made up of several different vita¬ 
mins. Many of them can now be produced 
in the laboratory. 

Lack of Vitamins Can Be Danger¬ 
ous. Some of the results of a lack of vita¬ 
mins are serious and easy to observe. They 
include poor appetite, poor eyesight, poor 


digestion, weakness and fatigue, nervous¬ 
ness and irritability, rough skin and com¬ 
plexion, sore gums, crooked bones in chil¬ 
dren, and early old age in adults. Of course, 
you are not likely to have all these ills at 
once, and may never have any of them. 
There is plenty of scientific evidence to 
show, however, that vitamins are related 
to all of these conditions. Each vitamin 
has its own uses. There are probably many 
vitamins needed by your body that scien¬ 
tists have not yet discovered. New facts 
about vitamins are discovered every' year. 

Foods rich in vitamins are called pro¬ 
tective foods. The protective foods include 
eggs, vegetables, fruits, milk, and milk 
products. These are the foods which have 
longest been known to contain the import¬ 
ant vitamins. More recently a number of 

J 

whole-grain cereal products and lean meats 
have been added to the lists of protective 
foods. Usually these foods provide all the 
vitamins that scientists believe are essen¬ 
tial to body health. Thus you see that if 
your diet is correct, you may not need to 

Fig. 2-16. Vegetables and fruits are 
rich in vitamins. (Courtesy Republic 
Steel Corp.) 










































Fig. 2-17. Which of these foods 
contain Vitamin A? (U. S. Pub¬ 
lic Health Service photo.) 



buy vitamins which are manufactured and 
sold as pills or in liquid form. Of course, 
vitamins may often be prescribed by a doc¬ 
tor, usually when a person shows signs of 
poor health associated with the lack of some 
vitamin. 

You Need Vitamin A. Vitamin A is 
most often found in foods which contain 
fats. Foods which furnish Vitamin A to 
your body include butter, cream, whole 
milk, and cheese. Others are margarine 
with added Vitamin A, egg yolk, liver, and 
fish such as tuna, sardines, and salmon. 
Various fish liver oils such as cod liver oil 
and halibut liver oil are special sources of 
Vitamin A which are widely used. Vitamin 
A is also present in some fruits, and espe¬ 
cially in yellow vegetables such as carrots, 
squash and corn. Leafy green vegetables 
are also a good source. Anyone who eats 
a balanced diet made up of a variety of 
foods is sure to get all the Vitamin A the 
body needs. 

Of what use is Vitamin A? There are 
many. It helps to keep the skin and the 


inner surfaces of the nose, throat, and lungs 
in a healthy condition. Common colds are 
not as likely to get a start if there is plenty 
of Vitamin A in the system. Vitamin A 
helps to prevent poor vision in dim light, 
sometimes known as night blindness, and 
certain eye diseases. We are indeed fortu¬ 
nate that it is found in so many of our foods. 

Vitamin B Is Complex. When scien¬ 
tists first began to study vitamins, they 
gave the name Vitamin B to what they 
thought was one vitamin. Now we know 
that this is really a combination of many 
vitamins, which include thiamine, ribofla¬ 
vin, and niacin. All of these are found in a 
great many foods. While there are few 
really rich sources of any of the B vita¬ 
mins, they are plentiful in pork, liver, kid¬ 
ney and heart meats, yeast, and whole grain 
cereals. Other sources are peanuts, beans, 
peas, potatoes, and green and leafy vege¬ 
tables. The well-balanced diet, which con¬ 
tains enriched bread with plenty of meat, 
milk, eggs, fruit, potatoes, and vegetables, 
along with liver once a week, will usually 
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provide all the B vitamins that are needed 
for good health. 

Thiamine or Vitamin Bi helps the 
body to resist fatigue. Food experts say 
that thiamine is necessary if food is to be 
properly used for energy in the body. Thus 
one who does heavy outdoor work is likely 
to need more of this particular vitamin 
than the office worker who sits at a desk. 

A lack of thiamine in the diet may re¬ 
sult in serious nervous disorders. The 
nerves themselves may become inflamed 
and the victim becomes restless and irri¬ 
table. In extreme cases a disease known 
as beriberi will result. Though it is rare 
in the United States, thousands of people 
in Asiatic countries like Japan and China 
die each year from this disease. Thiamine 
is a vitamin which cannot be stored in the 
body in quantity. Hence it must be pro¬ 
vided in the daily diet. 

Riboflavin, or Vitamin B 2 , is necessary 
for growth and for the proper use in the 
body of energy foods. Riboflavin comes 
from much the same sources of food as 
thiamine. 


Niacin is another of the B vitamins. 

It is important in preventing a disease 
known as pellagra, which shows up in 
broken skin conditions, nervous disorders, 
mental depression and digestive disturb¬ 
ances. Pellagra was once a widespread dis¬ 
ease in the southern part of the United 
States and baffled scientists for a long time 
until its cause was discovered. 

Vitamin B 12 is another, recently discov¬ 
ered member of the group. It is very im¬ 
portant in promoting the appetite and has 
been used with great success in the treat¬ 
ment of the blood disease, anemia. B 12 is 
prescribed by doctors in concentrated form 
for children who tire easily and have poor 
appetites. 1 

Vitamin C Prevents Scurvy. Vitamin 
C is also known as ascorbic acid. It is nec¬ 
essary especially for good teeth and healthy 
gums. If Vitamin C is missing from the 
diet for a long period, the teeth may be¬ 
come loose, the bones damaged, and the 
body so weakened that it cannot resist or 
throw off diseases. The disease called 
scurvy results from a lack of Vitamin C. 



Fig. 2-18. A study of the effects 
on mice of the absence of vita¬ 
mins and other nutrients adds 
to our knowledge of nutrition. 
(U. S. Public Health Service 
photo by Perry.) 














Fig. 2-19 (Left). Orange juice in concentrated form (you add three times the 
amount of water) is being packed here in cans. Orange juice is rich in what 
vitamin? (Courtesy Republic Steel Corp.) 

Fig. 2-20. The cherry-like fruit of the Puerto Rican Acerola tree is a new natural 
source of Vitamin C. The juice from the Acerola berry contains much more 
Vitamin C than orange juice. (Puerto Rico government photo by H. Wright.) 


Scurvy produces stiffness and swelling of 
the joints, bleeding gums, loosened teeth, 
and broken blood vessels under the skin 
and in the muscle tissues of the body. 

Since this vitamin can be stored in only 
very small quantities in the body, it is 
needed daily in generous amounts. Best 
sources of Vitamin C are the citrus fruits 
such as oranges, grapefruit, lemons, and 
limes. Tomatoes, green peppers, fresh 
strawberries, and cabbage are also good 
sources. 

Recently it was discovered that the 
berry of the acerola tree, which grows in 
Puerto Rico, is one of the richest and most 
concentrated sources of Vitamin C ever 
found. Ascorbic acid is being extracted 

MUST YOU TAKE PILLS TO GET VITAMINS? 


from the fruit of this tree and added to 
baby foods. Great plans for expanding the 
acerola acreage in Puerto Rico are already 
being carried out. 

Vitamin C deficiency conditions such 
as scurvy are not usually seen in their ex¬ 
treme forms in the United States. But many 
health authorities believe that mild scurvy¬ 
like conditions exist on a rather wide scale. 
Unfortunately, too many children and 
adults fail to get enough Vitamin C in their 
daily diet. 

Vitamin D—the Sunshine Vitamin. 
Vitamin D is called the sunshine vitamin 
because natural sunshine and artificial sun¬ 
shine from lamps cause it to form in the 
skin tissues of the human body. This vita- 
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Fig. 2-21. Vitamin D is often added 
to milk and other food produets. 

min is important in helping your body 
absorb the minerals phosphorus and cal¬ 
cium. These minerals are needed to make 
your bones and teeth firm and strong. Lack 
of Vitamin D in the diet of children leads 
to a disease known as rickets. In rickets 
the bones become soft and badly deformed. 
"Bowlegs” and other poorly shaped bones 
may result. Vitamin D alone does not pre¬ 
vent these conditions, but it must be pres¬ 
ent in combination with minerals in order 
that good bones and teeth be formed. Large 
amounts of Vitamin D are found in a few 
natural foods. Salmon, tuna, and fish liver 
oils, such as halibut liver and cod liver oils, 
are very good sources. Vitamin D is also 
found in oysters, eggs, butter, cream, and 
whole milk. 


Vitamin D is often added to milk and 
some other products such as cereal and 
tomato juice by exposure of the food to 
natural or artificial sunshine, or by adding 
Vitamin D material. Look at your milk 
bottle to see whether the label indicates 
that Vitamin D has been added. 

Vitamin K and Other Vitamins. 
Vitamin K is another recent vitamin dis¬ 
covery. Scientists believe that it is im¬ 
portant in the process of normal blood 
clotting. The use of this vitamin has helped 
surgeons to reduce the danger from bleed¬ 
ing in many types of operations. Cabbage, 
spinach, and some of the other green leafy 
vegetables are good sources of Vitamin K. 

There are other vitamins that you get 
when you eat a variety of foods. Approxi¬ 
mately 20 have been discovered so far. 

* 

Each one serves a special purpose in keep¬ 
ing you healthy. 

Checking Vitamin Claims. Vitamin 
claims in advertisements should be 
checked. Some instances of unproved 
claims are that vitamins can restore hair 
to bald heads and can prevent gray hair. 
Actually such reports may be the result of 
only a few experiments and may not be true 
for large numbers of cases. Any startling 
claims for vitamins should be checked with • 
your science teacher, your physician, or 
some other person who is sure to have up- 
to-date information. It is very likely that 
important new vitamin discoveries will be 
made during your lifetime. For the sake 
of your health, you should keep up to date 
on this subject. 
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The United States government operates a world-famous experi¬ 
mental station at Beltsville, Maryland devoted to agricultural science. 
The government does not sell the food grown there, but develops new 
and better foods at less cost and gives this valuable knowledge to 
American farmers. Have you heard of the “Beltsville turkeys” that are 
plump and meaty and are small enough to fit into small ovens and small 
refrigerators? These turkeys were bred at Beltsville. 

Have you heard of the DDT sprays and powders which have 
done so much to kill insects that rob us of our food Beltsville scien¬ 
tists were the first to test DDT in this country. As you know, weeds are 

Fig. 2-22. The Beltsville small white turkei/ developed for small families and 
small ovens. (V.S.D.A. photo.) 



a nuisance on lawns and farms. Beltsville experiments showed how a 
chemical named 2, 4-D could kill such weeds without injuring valu¬ 
able plants nearby. 

Beltsville scientists have shown the American farmer how to grow 
better hybrid corn, disease-resistant potatoes, larger and juicier toma¬ 
toes, and many other superior agricultural products. The United States 
Department of Agriculture, at this largest agricultural research center 
in the world, has bred many farm animals to help American farmers. 
For example, it is desirable to have cows in the hot Gulf coast regions 
of our southern farms that will resist the heat and still be good milk 
producers. Beltsville breeders succeeded in crossing a Jersey cow with 
a Bed Sindhi from India, and produced cattle that will be a joy to 
our southern farmers. 

The government scientists at Beltsville not only show our farmers 
how to grow better plants and animals but they also devise better ways 
of getting food to the tables of the consumer. New and better ways 
of packaging, of refrigeration, and of shipping food have been worked 
out there. 

Now let us find out how the sun, the soil, green plants, and ani¬ 
mals all play important parts in producing your food. 


Fig. 2-23. This calf has a Jersey mother and a Red Sindhi father (from India). 
Scientists are breeding a new type of cow for our Southern farms. Why? 
(U.S.D.A. photo by Forsythe.) 





problem 3: What is the source of your 


food 


supply 


lu ? 



HOW DO PLANTS GET 
THEIR FOOD? 

Have you ever wondered how it is 
possible for a plant to go on living without 
eating? Unlike animals, plants cannot 
move about in search of nourishment. How 
then, do they get their food? The answer 
is simple. Since they cannot go out to look 
for food, they manufacture it themselves. 
Of course, before the manufacturing proc¬ 
ess can start, the plant must obtain some 
raw materials. 

How Do Plants Secure Raw Materi¬ 
als? One of the sources of raw materials 
for the plant is the soil in which it grows. 
From the soil the plant can take in water 
and minerals which are dissolved in the 
water, through its roots. The root is that 
part of the plant which is usually under¬ 
ground. 

Roots help the plant in several ways. 
They serve as anchors, holding the plant 
securely in the soil and preventing it from 


being carried away by wind and water. 
The roots of large plants may grow to very 
great lengths. Certain types of ivy plants 
have roots that grow right out into the air. 
They resemble many hands that enable 
the ivy to climb the sides of buildings. 
Water lilies and other water plants grow 
rootlike structures that hold the plant in 
one place by attaching themselves to rocks 
or other sunken materials. 

Some plants have large, cone-shaped 
roots known as tap roots. In these, food 
is stored until it is needed. Vegetables like 
carrots, beets, and turnips have large tap 
roots that we use for food. 

Besides acting as anchors and storing 
food, roots also enable the plant to obtain 
water. The main root has a tough protec¬ 
tive covering, and cannot absorb water 
directly from the soil. But the water, and 
dissolved minerals such as compounds of 
potassium, nitrogen, and phosphorus, find 
their way into the root through the root 
hairs. The root hairs are tiny threads that 
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Fig. 2-24. Water and minerals enter a 
root through tiny root hairs and then 
get around to all parts of the plant by 
a network of tubes. 


cover the surface of the root. Like blot¬ 
ters, they soak up the water solution that 
feeds the plant. 

It is sometimes necessary to transplant 
a young seedling to give it a larger area 
in which to grow. In doing so, it is wise to 
water the surrounding soil and gently lift 
the plant out of the earth, taking up some 
of the surrounding dirt with the roots. In 
this way a large number of root hairs will 
be kept unhurt, and the plant will stand a 
better chance of surviving in its new sur¬ 
roundings. The same procedure should be 
followed when you weed your lawn or 
garden. Water the soil and then pull or dig 
out the weeds. These unwanted plants 
have a very extensive root system, and if 
some roots remain in the ground, new 
weeds may spring up to take their place. 
If roots are to be left exposed for a few 
hours, take care to keep them well moist¬ 
ened. If the roots become too dry the 
plants will die. 


Fig. 2-25. (a) Cut a small piece from the bottom of a celery stalk. Put it in a 
red ink solution for a few hours. Note how the red ink travels up the stalk, 
(b) Cut a small piece from the stem of a white carnation. Split the stem and 
put one part in green dye, another in red dye, and the third in plain water. 
Note how the liquids travel up the stem. 
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A Plant’s Elevator System. Once 
water gets into a plant's root, how is it car¬ 
ried up to the stems and leaves? Plants 
have wonderful “elevator systems” in their 
stems. There are no motors, cars, or cables, 
but there is a neat arrangement of bundles 

of very thin hollow tubes. Some of these 
* 

carry the water that contains minerals. 
Other tubes carry manufactured food to 
all parts of the plant. 

Some trees have materials running 
through these tubes which are valuable to 
man as food or for industrial use. These 
trees can be “tapped” to obtain products 
like maple sugar, rubber in liquid form, and 
turpentine. But if too many of these tubes 
become damaged, the tree cannot trans¬ 
port the materials it needs and it will die. 

You can see these tubes and the way 
in which they act by experimenting with 
a piece of celery. Cut across the bottom 
of the stalk and place the celery in a half 
glass of water to which you have added 
some colored ink. In a few hours you will 
see the colored water rising to the leaves. 
The next day you can cut across the stem 
again and observe the tubes, which are now 
easily visible. 

Leaves Are Factories. When the great 
inventor, Thomas A. Edison, was asked by 
a newspaper reporter what he considered 
the world’s greatest invention he replied, 
“A leaf.” Even today, scientists are amazed 
by the wonderful activities that occur in¬ 
side a leaf. 

Both sides of a leaf have a transparent 
protective covering or skin known as the 
epidermis. The epidermis of the underside 
of a leaf contains many little openings, or 
pores, called stomates. It is through these 
stomates that the leaf is able to take in the 
carbon dioxide it needs. 


PHOTOSYNTHESIS 

(A PUTTING TOGETHER BY MEANS OF LIGHT) 



Fig. 2-26. A green leaf is a food fac¬ 
tory. Carbon dioxide from the air and 
water from the soil are combined to 
form sugar and starch. An important 
byproduct is oxygen. Green chloro¬ 
phyll and sunlight are essential for the 
operation of this factory. The insert 
is a magnified view of the lower epi¬ 
dermis (skin) of a leaf , showing one of 
its many little air inlets, called sto¬ 
mates. The guard cells control the 
opening and shutting of the stomates. 
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Carbon dioxide from the air is taken 
in through the pores. Water is sent up from 
the roots. Now the leaf has the materials 
it needs to manufacture food. How can 
water and carbon dioxide be changed to 
sugar and starch in the leaf? Scientists are 
still not certain. One thing that is known 
is that the green coloring matter in plants, 
the chlorophyll , must be present in order 
for the leaf factory to operate. The chloro¬ 
phyll acts as the machinery for this process 
and the energy or fuel for the factory comes 
from the sun. Another amazing thing is 
that the waste product produced in the leaf 
is something that none of us can live with¬ 
out — oxygen! This process is called photo¬ 
synthesis and it is, without a doubt, one of 
the most important processes in the world. 

How wonderful it would be if man 
could combine water and carbon dioxide, 
which are so plentiful, to produce food. 
Many of the world’s food problems would 
cpiickly be solved. Even now scientists, 
with the help of “tagged atoms,” are study¬ 
ing photosynthesis. Do you think they will 
ever be able to imitate the leaf success- 
fully? 


HOW DO ANIMALS GET 
THEIR FOOD? 

Just as humans and plants need food 
to exist, so do the animals. Of course, they 
cannot manufacture foods like plants, nor 
can they grow foods as we do. But nature 
has provided the animals with countless 
devices to help them find the nourishment 
they seek. The senses of animals are usu¬ 
ally keener than those of man. They can 
see and hear and detect smells better than 
we can, and they are usually very much 
stronger in proportion to their size. 

We are all familiar with the tremen¬ 
dous powers of the animals of the jungle. 
The long sharp teeth, the strong paws 
equipped with sharp claws, and the horns 
and tusks of these beasts are all food-get¬ 
ting devices. In the wilderness, as in all 
of nature, an animal must eat or be eaten. 
So, all the great strength of the jungle crea¬ 
tures is used either in self-defense or for 
the purpose of getting food. 

Here are some outstanding examples 
of the unusual food-getting equipment of 
certain animals. 


Fig. 2-27. This is a coyote sneaking through grass in southeastern Colorado. 
Nature has provided animals with keen senses so that they can find food. (U. S. 
Fish ami Wildlife Service photo by Haddon.) 







Fig. 2-28. One of our insect enemies 
—the mosquito. (U. S. Public Health 
Service photo.) 


Insects Are Highly Specialized. 

Many insects have special ways of securing 
their food. Certain types of wasps will sting 
caterpillars to get food for their young. 
Strangely, the wasp will always sting its 
victims on a certain part of their bodies. 


Have you ever been bitten by a mos¬ 
quito? This is the way the insect goes after 
its food — your blood. After puncturing 
your skin, the mosquito injects a liquid 
so that the blood will not come out too 
fast. (It is this liquid that makes the mos¬ 
quito bite so itchy.) Then it sucks the 
blood. 

The kind of food animals eat often de¬ 
pends on the way their bodies are built. 
For example, one class of insects chew their 
food. These chewing insects, such as the 
grasshopper and the Japanese beetle, de¬ 
stroy farm crops worth many millions of 
dollars each year. 

Another class of insects are called the 
sucking insects. The mouth parts of these 
insects are like hollow tubes. They can 
stick these tubes into the flowers, fruits, or 
other parts of a plant. Then they suck out 


Fig. 2-29. An underground ant nest. The ants take care of tiny insects called 
aphids in their nest during the winter. The aphids are placed on the roots of a 
corn plant and suck its juices. The ants use the aphids as "cows." (Courtesy 
U.S.D.A. Bureau of Entomology.) 



the juices of the plant, often causing it to 
die. 

Ants are very energetic as they scurry 
out from their large communities in search 
of food. When a dead insect has been 
found they will drag it into their burrow, 
where it is either eaten or stored until the 
food is needed. Several types of ants are 
able to attack living things and kill them 
for food. 

Other Animals. The spider is a clever 
animal. After he has spun his web, he will 
conceal himself under a dark log or bush 
and wait for some insect to get caught in 
the web. The spider knows when some¬ 
thing is trapped because he has strung a 
silk-like signal line from the web to his 
hiding place. At the signal he will scurry 
up the line to the web and after stinging 
the victim senseless, the spider will eat 
his meal. 

Poisonous snakes have two large spe¬ 
cially constructed teeth, or fangs to help 
them secure food. The fangs have a hol¬ 
low tube through which the snake injects 
venom into its enemy. Venom is a poison¬ 
ous liquid which can paralyze or kill the 
victim. Some snakes eat their food whole 
and while it is still alive. They must do 
this because they have no teeth with which 
to chew their food. 

The next time you visit a farm, notice 
the many ways animals seek food. The 
cows, horses, and sheep are often put into 
the pasture where they eat green grasses 
growing there. The farmer’s children may 
feed the chickens a special feed of com or 
some grain. Pigs are less fussy, and will 
often eat waste crops that the farmer can¬ 
not sell at market. Rabbits may eat the 
young carrots, lettuce or cabbages which 
grow in the field. At night time, a fox may 



Fig. 2-30. This robin is about to feed 
her young. (Courtesy U. S. Forest 
Service.) 

try to find his way into the chicken house 
and carry away a young fowl. Chicken 
hawks sometimes swoop down and kill 
chickens. 

Certain animals, such as frogs and 
toads, have long, sticky tongues. Unlike 
most animals’ tongues, a frog’s tongue is 


Fig. 2-31. A frog has a long , sticky 
tongue attached to the front of its 
mouth. This helps in catching insects 
for food. (U. S. Fish and Wildlife 
Service photo by W. P. Taylor.) 





fastened to the front of its mouth. This 
enables the frog to lash out its tongue to 
quite a long distance and catch many 
insects. 

Many of the animals that live in water 
have interesting ways of securing food. 
Jellyfish have small stingers on their bodies. 
They are able to sting their prey, and then 
proceed to eat them. Some fish will hide 
behind rocks or in deep crevices. As a vic¬ 
tim approaches they dart out and eat him. 
Others give off a brightly colored glow 
which attracts other fish to them. In this 
way the “food" comes to them. Indeed, 
the food-seeking habits of animals are quite 
varied and interesting. 


HOW DOES MAN 
SECURE HIS FOOD? 

In ancient times, man’s great urge to 
stay alive forced him to spend much of his 
time searching for food. With crude 
weapons lie could catch and kill many 
small animals and fish. He ate berries and 
other plants that tasted good. Later lie 
learned how to plant and grow food crops. 

But even then during a drought or in 
severe winters, food often became scarce 
and many people died of starvation. Un¬ 
fortunately there are still regions on our 
earth, such as India, where food is scarce 
and too many people rarely get enough to 
eat. 

How fortunate we are in the United 
States to be able to profit from scientific 
methods of farming, animal-raising, refrig¬ 
eration, and transportation. Not only are 
our own people the best fed in the world, 
but we are able to export surplus food to 
many other nations. 


Many groups of Americans devote 
their liv es to producing food. The farmer 
is always seeking ways to improve his 
crops, in quality and quantity. Cattle men, 
poultry men, and other ranchers look for 
new ways of improving the weight and 
health of animals used for food. They try 
to increase the number of eggs their hens 
lay and the amount of milk their cows pro¬ 
duce. Fishermen employ many scientific 
devices to locate fish and to extract more 
food from the sea. 



Fig. 2-32. A scientist working with 
bees and honey. (U.S.D.A. photo.) 


Your Food May Come from Distant 
Places. The foods you eat may eome from 
all over the world. They may have been 
transported by boats, trains, trucks, or even 
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Fig. 2-33. Foods arc transported 
by motor trucks, freight trains, 
and airplanes. (Courtesy Cela- 
nese Corp., Standard Oil Co. 
[N.J.], and Fairchild Aircraft.) 









airplanes. Fresh fruits and vegetables are 
shipped to your town in fast-moving re¬ 
frigerated freight cars. Some, which are 
grown near by, can be shipped in refriger¬ 
ated trucks. Or perhaps a local farmer 
brings a truck load of crops to the market. 

There they are transferred to other trucks 

* 

which carry the food to your local vege¬ 
table store. 

Today it is possible to buy fruits 
and vegetables that are “out of season” 
in your part of the country. You can get 
them in cans or as frozen foods. Also, if 
you are willing to pay for this service, fast 
airplanes can bring you the products of 
farms a few thousand miles away in a mat¬ 
ter of hours. During harvest time some of 
the crops are sent to factories where they 
are canned, frozen, or preserved in some 
other way. 

Meat comes from cattle that lived on 
the grasses and plains of the prairies. After 
the animals are killed, the meat is processed 
and kept under refrigeration until it reaches 
you. Fish are also kept under refrigeration 
until they reach the consumer. 

Food in Transit. The 250,000 miles 
of railroads in the United States carry mil¬ 
lions of tons of freight every month. A 
large part of this freight is food, which is 
being sent all over the country. The farmer 
sends his produce to processing plants. The 
factories ship to warehouses. Warehouses 
ship to large industrial areas and thickly 
populated centers. 

The demand for a wide variety of food 
in cities made the railroads construct spe¬ 
cial cars. Various types of box and tank 
cars were developed. The cars used to 
carry livestock to the stockyards are box¬ 
cars with slats instead of solid side walls. 
They provide plenty of fresh air for the 


cattle, hogs, sheep, and lambs in transit. 

The smaller animals may be carried in 

- 

double-deck cars. The cars in which poul¬ 
try is shipped have several decks, and the 
sides are covered with wire. 

Millions of tons of food products are 
shipped by motor truck. These are also 
specially constructed for the freight that 
they carry. It has been estimated that there 
are more than 8,000,000 motor trucks in 
the United States. A large proportion of 
these trucks deliver food products. 

The Airplane Distributes Food. 
Many foods are now transported by speedy 
airplanes. Perishable foods from far-off 
places are flown to markets that rarely saw 
them before. For example, live lobsters 
from the lobster beds of Maine are shipped 
by airplane and delivered to restaurants 
in New York City. Perhaps, in time, more 
food will be flown in from South America 
to add to the variety of our fruits and 
vegetables in “off seasons.” South Amer¬ 
ica, as you probably know, has its summer 
season when North America has winter. 

Many different countries supply you 
with food from their soil. This is because 
some foods grow better in certain climates. 
South and Central America, for example, 
supply you with bananas and coffee. 
Hawaii sends pineapples and sugar, and 
tea comes from India. You and a committee 
of your classmates may want to find out 
more about the far-off places that send us 
food products. 

HOW DO LIVING THINGS 
DEPEND ON ONE ANOTHER? 

In the world of living things, all of the 
plants and animals around you depend 


WHAT IS THE SOURCE OF YOUR FOOD SUPPLY? 


77 




upon each other in some way. Each plant 
or animal is part of the food supply of some 
other living thing. This is nature’s way of 
preventing any plant or animal from over¬ 
running the region in which it lives. As 
living things struggle to get food, they 
destroy one another. This results in a bal- 
ance among the different forms of life. We 
call this the balance of nature. 

The Ring of Life. A cycle is like 
a ring. If you start at one point and keep 
moving, you will come back to where you 
started. In nature there are many life 

cycles. If you follow the activities of one 

» / 

kind of living thing, you will find them 
connected with the activities of other living 
things. In time, as you follow from one ac¬ 
tivity to the next, vou will come back to 
where you started. These life cycles are 
repeated over and over again. 

A good place to observe the way living 
things depend on one another and thus 
maintain a balance in nature is in a nearby 
pond or lake. If you look at a drop of pond 
water under a microscope, you will see 
many tiny plants and animals. The micro¬ 


scopic (so tiny they can be seen only with 
a microscope) green plants belong to a 
group called algae. Among the tiny ani¬ 
mals, you might see some very simple forms 
consisting of only one cell. Others are 
much more complicated, but still very 
small. 

As the algae and other larger green 
water plants manufacture food, they give 
off oxygen. Fish and other small animals 
eat the algae and use this oxygen to help 
them live. These animals in turn, give off 
carbon dioxide which the plants use to 
manufacture their own food. In this way 
the living things found in water support 
each other. 

The microscopic animals eat the algae. 
These animals are in turn eaten by frogs, 
tadpoles and small fish. Larger fish eat the 
smaller fish. Man catches and eats the 
larger fish. In this way the algae, the tiny 
animals, the small fish, and the larger fish 
are kept in balance. 

On land, man and other animals sup¬ 
ply green plants with the carbon dioxide 
they need to make food. In turn the green 



Fig. 2-34. Fish and other 
forms of life are being 
observed under water 
with the aid of a special 
camera. (Courtesy Allan 
Dowling Productions.) 



Fig. 2-35. Man and other 
animals supply green 
plants with the carbon 
dioxide they need to 
make food. Green plants 
supply the oxygen 
needed by animals. 
(V. S. Fish and Wildlife 
Service photo by E. P. 
H addon.) 



plants return to man and animals the oxy¬ 
gen which they need for life. 

Certain kinds of bacteria found in soil 
are very helpful. These microscopic one- 
celled plants are called nitrogen-fixing 
bacteria. They grow in colonies on the 
roots of certain plants such as clover, soy¬ 
beans and alfalfa. These plants are called 
legumes. The roots of the legumes furnish 
the bacteria with food. In turn the bacteria 
produce nitrogen compounds from the ni¬ 
trogen in the air to enrich the soil. 

When the farmer harvests the crops, 
he leaves the roots and their bacteria to 
help fertilize the soil. Valuable nitrogen 
compounds are thus put into the ground. 
Do you see how the bacteria and plants 
depend upon each other? 

Checks in Nature. If nature did not 
control the balance, just imagine what 
could happen! One kind of plant or animal 
could multiply so rapidly, it would soon 


cover the earth. One mushroom, of the 
kind you enjoy in soups and sauces, will 
produce almost 2,000,000,000 cells each 
year, each one of which can grow into 
a new plant. If nature did not check the 
growth of these cells, we would soon be 
overrun! 

Many other living things multiply in 
amazing fashion. A pair of sparrows could 
produce millions of offspring in a few years. 
The roe of a single codfish may contain as 
many as ten million eggs. 

Nature cuts down such reproduction 
in many ways. Natural enemies kill many 
plants and animals. Bad weather and cli¬ 
mate take their toll. Lack of food and water 
also kills a tremendous number of plants 
and animals. Sometimes man helps to re¬ 
store a satisfactory balance. Thus, when it 
was found that the Japanese beetle was 
doing too much damage to crops and other 
plants in the United States, American sci- 
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Fig. 2-36. One way to control insect 
pests is to expose thcfn to attack by 
other insects that are their natural 
enemies. This is a spring Typhia 
(about 5 times natural size), an insect 
that lives on the Japanese beetle pest. 
(L'.S.D.A. photo.) 

entists started a war of extermination 
against this insect. 

Upsetting the Balance in Nature. 
Sometimes unusual weather conditions can 
upset the balance of nature. For example. 


if it should become very warm and dry in 
a region, many useful plants and animals 
will die. Often unwanted plants and ani¬ 
mals, which are better suited to the new 
climate, take over. Likewise, excessive cold 
can sometimes prevent certain plants from 
growing, or force the native animals to seek 
other places to live. This often deprives the 
people of such regions of much of the food 
they need. 

Man often upsets the balance in na¬ 
ture. There are many examples of this. At 
one time a man brought several rabbits to 
Australia from England. He thought it 
would be pleasant sport for him to hunt 
the rabbits and their offspring. Now, about 
100 years later, there are so many rabbits 
in Australia that they are a menace to agri¬ 
cultural crops. In fact, they are such a 
nuisance that the Australian government 
offers a reward, or bounty, to persons who 
kill these pests. 

Man may often disturb the balance 
when he cuts trees, drains swamps, kills off 
hawks, or brings into a region animals or 
plants that were not there before. 



1. A food is a substance used by living 
things to grow their tissues, or to regulate 
their body activities, or to supply them with 
energy. 

2. Your knowledge of the science of 
nutrition can help you to obtain and keep 
good health, and can save you money. 

3. There are important daily food re¬ 
quirements which are necessary for every¬ 


one. These requirements vary with people 
of different ages, activities, and sexes. 

4. A balanced diet is one in which all 
of the necessary food elements are present 
in the correct amounts. A wide variety of 
food helps to give you a balanced diet. 

5. The important food classes are: 
carbohydrates, fats, proteins, minerals, and 
vitamins. Each has purposes in your body. 
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6. Your study of science should help 
you to recognize some of the false beliefs 
and misleading advertisements about food. 

7. The absence of vitamins from a diet 
can cause serious illness. People can get all 
the vitamins they need from a well-bal- 
anced daily diet. Most people do not need 
to purchase any vitamin pills or special 
vitamin remedies. 

8. Green plants are food factories. 
They use carbon dioxide and water as raw 
materials. Chlorophyll and sunlight help 


to convert the raw materials into sugar, 
starch, and oxygen. This process is called 
photosynthesis. 

9. The kinds of food animals eat often 
depends on the way their bodies are built. 

10. Man secures his food directly or in¬ 
directly from green plants that grow in the 
soil. 

11. Each plant or animal is part of the 
food supply of some other form of life. In 
this way nature keeps the various living 
things in balance. 



1. You may be interested in discover¬ 
ing whether the number of Calories you get 
each day is close to the average for a junior 
high school pupil. You can do this by pre¬ 
paring a report that includes a list of all 
the foods that you eat every day for a week. 

In the library you can obtain a chart, 
or table, of the Calorie values of an average 
serving of each food you consume. After 
you have listed all your foods, place the 
number of Calories from the chart next to 
each item. Total your Calorie intake for 
the entire week, then divide by 7 to get 
your daily average. How does this compare 
with the average requirement for your age 
group? 

2. Later in your study of science, you 
will discover how nutrition scientists test 
to see which food classes any food contains. 
You can test for two of these classes with 
materials easily found in your home, 
a. Starch will turn a purple-black when 
iodine solution is added to it. Test 
several foods with iodine and see 


which ones contain starch. You can 
use pure table sugar as a control, 
since it is definitely known that sugar 
contains no starch. 

b. Fats will produce a greasy spot on a 
piece of paper that is not shiny, or 
glazed. Test several foods by rubbing 
them on a brown paper bag to see if 
the spot appears. Again, sugar con¬ 
tains no fat. Use this as a control. List 
your results in a report. 

3. List several of the food supersti¬ 
tions of your friends and relatives. You 
may be interested in forming a committee 
to do some library research to discover how 
these superstitions arose. 

4. To prove that green plants require 
light to make their food, you can do the 
following experiment: 

a. Secure two similar green plants such 
as geraniums. 

b. Place one near a window and the other 
in a darkened room or closet. Keep the 
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plants in these same places for 3 or 4 
days. 

J 

c. At the end of this time compare the 
color as well as the health of the two 
plants. 

d. Your teacher may suggest other experi¬ 
ments that show that a green plant 
manufactures starch, sugar, and oxy¬ 
gen in sunlight. 

5. You may be interested in the prob¬ 
lem of “food poisoning.” Try to discover 
from some health authority how poor can¬ 
ning or refrigeration can cause food poi¬ 
soning. Interview people in your neigh¬ 
borhood who put up preserves. What pre¬ 
cautions do they take to keep the food from 
spoiling? 

(». A committee of pupils could visit 
a few local stores or factories where foods 
are manufactured, handled, or sold. Ask 
the managers to tell you what precautions 


are taken to insure cleanliness. Report 
back to the class and discuss your findings 
in comparison with the requirements of 

vour local board of health. 

7. Read about the problem of rabbits 
in Australia mentioned in this cycle. Re¬ 
port on the actual damage to food crops 
and the steps taken by the Australian gov¬ 
ernment to eliminate this menace. 

8. Report on the destruction of crops 
by insects such as the Japanese beetle, the 
codling moth, and the cotton boll weevil. 

9. List, or make a chart to show at least 
10 important foods obtained from each of 
the following: (a) land plants, (b) land 

animals, (c) the sea. 

10. Prepare a report to show how eating 
a variety of vegetables will help give you 
a balanced diet. 

11. Set up a balanced aquarium and 
show how a fish and some growing green 
plants depend on one another. 



Choose the best answer: 

1. The energy value of food is meas¬ 
ured in terms of (a) Calories, (b) proteins, 
(c) minerals, (d) cost. 

2. The food groups most useful in 
building bones and teeth are (a) carbo¬ 
hydrates, (b) proteins, (c) minerals, (d) 
water. 

3. An active junior high school pupil 
needs a daily Calorie minimum of (a) 
6000, (b) 1200, (c) 3000, (d) 1900. 

4. The vitamin which is most import¬ 
ant in building good bones and teeth is 
(a) Vitamin A, (b) Vitamin B, (c) Vitamin 
C, (d) Vitamin D. 


5. A diet in which all the necessary 
food materials are present in about the 
right amounts is (a) an expensive diet, (b) 
a balanced diet, (c) a high-protein diet, 
(d) a high-Calorie diet. 

6. Of the following, the substances 
known as body regulators are (a) carbo¬ 
hydrates, (b) vitamins, (c) goiters, (d) 
proteins. 

7. The openings in a green leaf 
through which a plant is able to take in 
carbon dioxide are called (a) portholes, 
(b) stomates, (c) eyes, (d) root hairs. 

8. The process by which green plants 
manufacture foods is called (a) growing, 
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(b) photosynthesis, (c) chlorophyll, (cl) 
transplanting. 

9. Nitrogen-fixing bacteria grow on 
the roots of plants that are called (a) ferns, 


(l>) grasses, (c) tap roots, (cl) legumes. 

10. A disease caused by a lack of vita- 

J 

min C in the diet is (a) beriberi, (b) 
scurvy, (c) rickets, (d) pellagra. 


MORE QUESTIONS 

1. Is it true that junior high school 
children should never eat “hot dogs”? Give 
some reasons for your answer. 

2. What is meant by the word “mal¬ 
nutrition”? 

3. Should all children and adults in 
your community eat the same diet? Give 
some reasons for your answer. 

4. What is meant by a balanced diet? 

5. How can you have a balanced diet 
each day without eating the same food day 
after day? 

6. What is a food superstition? 

7. How do you know' whether you get 
all the vitamins you need each day? 


FURTHER READING 


/ 
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8. How many different vitamins can 

/ 

you name as being important to your 
health? Why is this list of important vita¬ 
mins growing larger? 

9. Is it possible for you to eat expen¬ 
sive food and still be undernourished? 
Explain. 

10. A persuasive newspaper advertise¬ 
ment urges that you take vitamin pills be¬ 
cause they can be very beneficial. What 
reasons for or against this advice would 
you offer? 

11. Explain why you should avoid eat¬ 
ing while you are under a severe emotional 
strain. 


5. Parker, Bertha Morris: Golden 
Treasury of Natural History. Simon 
Sc Schuster, Inc., 1952. 

a. Fish. pp. 08-73 

b. Food factories, pp. 132-134 

c. Vegetables and fruits, pp. 150- 
158 

6. Compton’s Pictured Encyclopedia. 
F. E. Compton Sc Co., 1955. 

a. What men do with plants. Vol. 
P, pp. 301-310 

b. Leaves. Vol. L, pp. 151-154 
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problem 1 How do your senses serve you? 

problem 2 What are some ways of learning 

about your state of health? 


problem 3 Why are tobacco, alcohol, and nar¬ 
cotics harmful? 



AMAZING STORY OF 
HELEN KELLER 


Have you ever heard of Helen Keller? The story of her life is a 
remarkable example of how some humans overcome their handicaps. 
At the age of 19 months, Helen Keller lost her eyesight and hearing 
as the result of a serious illness. Blind and deaf, she grew up for almost 
five years without communicating with the outside world. Then her 
father appealed to Dr. Alexander Graham Bell, the inventor of the 
telephone, for help. Through Dr. Bell, a teacher named Anne Sullivan 
was obtained for young Helen. 

Anne Sullivan made contact with Helen’s mind through the sense 
of touch. She worked out an alphabet and gradually the child came 
to connect words with objects. Soon she was able to read and write 
in Braille, the language of the blind. 

Until she was ten, Helen could not talk except in sign language. 
She entered a school for the deaf and in a few years she spoke well 
enough to enter Radcliffe College. With Anne Sullivan at her side 
to translate and interpret the lectures and class work, Helen Keller 
was graduated from college with honors. Since then she has devoted 
herself to writing books, lecturing, and raising money for the care and 
education of the blind. 

When you think of Helen Keller’s tremendous achievements in 
spite of her handicaps, you begin to realize the importance of your 
senses. Let us see how your senses serve you. 



Use of Braille printing 
enables the blind to read 
with their fingertips. 
(Courtesy The Light¬ 
house.) 











problem 1: How Jo your senses serve you ? 



The well-known five senses 
which help you learn about your world are: 
sight, hearing, smell, taste, and touch. Each 
of these senses has a special part of the 
body designed to receive messages for you. 
As you know, your eyes see, your ears hear, 
your nose is able to smell, your tongue 
tastes, and your skin feels or touches. Each 
of these sensory organs sends its messages 
to your brain by means of certain cells 
which are very long and almost like electric 
“wires.” These sense-transmission cells are 
called nerves. 

Actually there are more than five 
senses. Internal parts of your body have 
sensory cells that can send messages, such 
as pain, to your brain. You can also sense 
when you are moving, even though your 
eyes are closed. And you have a sense of 
balance, which is controlled by part of 
your ear. Let us examine some of these sen- 
sory organs more closely to understand 
how they operate. 


SEEING WELL— 

A KEY TO HEALTH 

All of you know the story of how 
Abraham Lincoln gained much of his early 
education working by the light from the 
fireplace in his pioneer home. This illus¬ 
trates the determination to learn which 
was so important a part of this great man. 
Today, however, we can all be thankful 
that we do not have to read and study by 
such a poor light. 

It is well known that eye trouble is 
often caused by improper lighting. In elec¬ 
trically lighted rooms there may be too 
great a contrast between the lighted and 
the unlighted areas. In some rooms the 
light may not be bright enough for long 
evenings of reading, or too bright and di¬ 
rect a light may produce a harmful glare. 
The distance from the source of light 
to the book is important, since the farther 
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Fig. 3-2. Do you need glasses 
to see well? (Courtesy Republic 
Steel Corp.) 



away you sit, the less light you receive. The 
kind of lamp shade used determines how 
much light is cut off and wasted. It is best 
to have lamp shades white, or very light in 
color. It is also important to have the whole 
room well illuminated. If the room where 
you are reading is dark except for the one 
spot where you sit, it places a considerable 
strain on your eyes when your gaze shifts 
from the printed page to some other object. 
This is also true when you are looking at 
television. The room in which you view 
television should not be totally dark. If it 
is, eyestrain and headaches will probably 
result. 


Your Eyes Are Wonderfully Made. 
The eye is not the only part of the body 
which is used in the process of seeing. After 
light enters the eye, it strikes the nerve end¬ 
ings on the back surface of the eyeball, 
which is called the retina. The diagram 
will help you to understand this. From 
here, the message of the light rays is carried 
by the nerve cells to a special part of the 
brain known as the optical center. It is the 
brain that completes the process of seeing. 
In fact, a person who has had an injury in 
the optical center of the brain may have 
perfect eyes and still be totally blind. 

Your eyeball itself is a very complete 



Fig. 3-3. The room in 
which you are viewing 
television should not be 
totally dark. 
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and rather complicated organ. The front 
of the eyeball is covered by a transparent 
surface called the cornea. Entering light 
rays go through the cornea and into a clear, 
water-like liquid called the aqueous humor. 
(Aqueous means water-like, and humor 
means fluid.) 

Here the colored part of the eye, called 
the iris, is located. The iris is usually a 
shade of blue, brown, or green. Its purpose 
is to control the amount of light which 
enters the eye. The iris acts like a circular 
curtain which rolls and unrolls toward and 
away from the hole in its center. The open¬ 
ing is called the pupil of the eye. When 
you are surrounded by a bright or glaring 



HUMOR 


VITREOUS 
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Fig. 3-4. These diagrams show the 
structure of the human eye and how 
light rays from an object form an 
image on the retina. The optic nerve 
transmits this message of sight to the 
optical center in the brain. 


light, the pupil becomes small and admits 
less light. What really happens is that the 
iris closes around the pupil. On the other 
hand when the light is very dim, the iris 
rolls back, leaving the pupil much larger 
so as to admit more light. 

Back of the iris is the lens. All light 
which enters the eye must pass through the 
lens. It is the part of the eye which bends 
the light rays so that they come to a focus 
on the retina. See the diagram. The lens 
itself has the power of changing its shape. 
It becomes thick and almost ball-shaped 
when you are looking at nearby objects, 
but changes to a thin and long form when 
it receives the light rays from faraway 
sources. This change is made possible by 
a set of muscles attached to the inside sur¬ 
face of the eye, and allows your eye to focus 
on objects which may be near or far. 

Behind the lens is a thick, almost jelly- 
like liquid called the vitreous humor. The 
vitreous humor occupies most of the eye¬ 
ball. It is clear and transparent and lets 
the light pass through from the lens to the 
retina. The retina contains millions of nerve 
cells, called the rods and cones because of 
their shapes. These nerve cells carry the 
message of sight to the brain. 

In some persons, there is a defect of 
the eye which affects the cones. When this 
is so, the person is unable to distinguish 
colors, particularly red and green. Such 
people are said to be color blind. Have you 
ever noticed that the red light on a traffic 
signal is always on top? This is so that a 
color blind person will know when to stop 
even though he can’t tell red from green. 

Keeping Your Eyes Healthy. Injury 
to the eyes may result from carelessly rub¬ 
bing them with hands which are not clean. 
Unclean handkerchiefs and towels may 
contain bacteria which sometimes cause 
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serious eye infections. The use of a com¬ 
mon towel in public places should be 
avoided for this reason. Paper towels are 
the only safe kind to use in school or any 
public place. It is also important to have 
your own individual towel and washcloth 
at home. 

When a bit of cinder or dust gets into 
your eye, don’t rub! If the natural water¬ 
ing of the eye does not remove the offend¬ 
ing object, it can sometimes be washed out 
by a solution of boric acid and water in an 
eye cup. If this does not work, then it is 
always wise to see the school nurse or a 
doctor who will be able to remove the ob¬ 
ject without danger of injury. 

Good food is important in keeping 
your eyes healthy. You will remember 
from the cycle on food that Vitamin A is 
important in preventing night-blindness 
and other serious eye diseases. 



Fig. 3-5. Diagram of the human eye. 
You eye is a wonderful organ which 
serves you well and needs good care. 


Checking With the Eye Doctor. In 
addition to the internal muscles of the eye, 
you will notice in the diagram that there 
are three sets of muscles attached to the 
outside of the eyeball. These enable you 
to move your eyes. Like any others in the 

HOW DO YOUR SENSES SERVE YOU? 



Fig. 3-6. This is how the retina of 
a normal eye looks when an eye 
doctor looks at it through a magnify¬ 
ing instrument. (Courtesy Bausch and 
Lomh Co.) 

body, these muscles become fatigued with 
continued use. They need rest. You should 
make an effort to rest your eyes every few 
minutes when you are using them for close 
work such as reading, sewing, or studying 
small drawings or blueprints in the school 
shops. If a person has frequent headaches 
or sharp pains about the eyes, he should 
see a physician. 

A physician who specializes in the 
care of the eyes is known as an oculist. The 
oculist is able to give a complete eye exam¬ 
ination, and is usually consulted in the case 
of eye diseases or infections. Another type 
of eye specialist is the optometrist. Optom¬ 
etrists are licensed to examine the eyes and 
prescribe glasses, exercises, and other types 
of corrective measures. The optician is a 
craftsman who prepares the lenses recom¬ 
mended by the examining doctor and fits 
the lenses into frames especially suited to 
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Fig. 3-7. Correcting a nearsighted eye 
condition. 



(a) With a normal eye the light rays 
focus (form an image) fust at the 
retina. 



( b) With a nearsighted eye (one in 
which the eyeball is too long) the 
light rays form an image in front of 
the retina. Nearsighted people can¬ 
not see distant objects clearly. 


CONCAVE LENS 



CORRECTED 

(c) With the help of proper glasses 
(using concave lenses) nearsighted 
people can see distant objects clearly. 


your eyes. If you get new glasses, it is im¬ 
portant to return to the optometrist from 
time to time to make sure that the glasses 
are still correct. It is very important to fol¬ 
low the eye doctor’s instructions very care¬ 
fully. Many cases of poor vision can be 
completely cured by wearing glasses or do¬ 
ing exercises that the doctor prescribes. 
This is especially true of young people. 

You should not allow anyone except a 
doctor or optometrist to treat your eyes. 
Your eyes are so important that it would 
be very foolish to save money by purchas¬ 
ing “cheap” glasses without a prescription. 
Sun glasses should be chosen wisely, too, 
since they can often be injurious. Ask your 
druggist to recommend a good pair, and 
remember that you should not try to econo¬ 
mize when the health of your eyes is con¬ 
cerned. 

Some Eye Defects. There are several 
common defects of the eyes which make it 
necessary to wear glasses. One is near¬ 
sightedness. This condition usually occurs 
when the eyeball is too long. When the rays 
of light enter the lens they do not come to 
focus exactly on the retina as they should, 
but in front of the retina. The diagram will 
help you understand this. How does the 
eyeball get out of shape? It may be so at 
birth, or it may become so from reading 
poorly printed material or from reading in 
poor light. 

A person who is nearsighted usually 
needs to wear glasses which spread the 
light rays so that they will focus on the 
retina. Nearsightedness is usually a per¬ 
manent difficulty, but it can sometimes be 
cured in young children by the use of 
proper glasses. 

Another common defect is farsighted¬ 
ness. This occurs when the light rays which 
enter the eye focus behind the retina. Far- 
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sightedness results when the eyeball is too 
short. The remedy is to wear glasses with 
lenses which bring the light rays close to¬ 
gether and thus make them focus exactly 
on the retina. Farsightedness is much more 
common in older people. 

When the cornea, or front covering of 
the eyeball, is irregular or unevenly curved, 
a person is said to have astigmatism. The 
uneven curve prevents the light rays from 
going together to one point on the retina, 
and causes objects to appear blurred. 
Glasses may be shaped to correct astigma¬ 
tism, and thus give the person normal 
vision. 

A fourth defect, which is usually quite 
noticeable to others is cross-eyedness. In a 
person who is cross-eyed, the external mus¬ 
cles which control the movements of the 
eyes do not work properly. Normally these 
muscles keep both eyes focused on one 
thing at a time. In cases of cross-eyedness 
both eyes may turn inward, or one may 
turn outward. Proper glasses, and certain 
eye exercises which doctors prescribe will 
often cure cross-eyedness. A simple opera¬ 
tion will often correct this condition, espe¬ 
cially in a small child. 

Light Colors May Help You See. 
There is a great difference in the amount 
of light reflected or bounced back by differ¬ 
ent colors. Dark-colored and dirty walls 
and ceilings are poor reflectors of light. 
Ceilings should be painted white or nearly 
white in any room where reading or close 
work is to be done. It is important that the 
walls in such rooms be so painted or deco¬ 
rated that they will reflect most of the light 
which is produced within the room. 

Colors such as white, ivory, cream, 
light yellow, and the lighter pinks reflect 
most of the light which reaches them. The 
lighter shades of tan, blue, and green reflect 



Fig. 3-8. Proper lighting is essential 
outdoors as well as indoors. This is 
a section of the San Francisco-Oak- 
land Bay Bridge illuminated at night. 
(Courtesy General Electric Co.) 


much more light than the darker shades 
of these same colors. The darker shades 
of brown reflect only about one-tenth of 
the light which reaches them. Besides be¬ 
ing cheerful, light-colored rooms are the 
most efficient for good vision. 

How Much Light Do You Need? 
You have been cautioned about the dan¬ 
gers of reading or working in poor light. 
How can you tell how much light is neces¬ 
sary for the good health of your eyes? 

The amount of light that is falling on 
the page you are now reading can be meas¬ 
ured. Perhaps you have seen a photogra¬ 
phy hobbyist using an exposure meter. This 
is an instrument which measures light in 
units called foot-candles. A foot-candle is 
the amount of light which reaches a surface 
that is held one foot from the flame of a 
specially made candle. 
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Lighting engineers tell us that the 
number of foot-candles you need depends 
upon the work you are doing. Reading or¬ 
dinary print, for example, requires at least 
ten foot-candles of light. It is generally 
agreed that something like thirty to fifty 
foot-candles are required for visual work 
like sewing with dark thread on dark cloth 
or reading fine print. Amounts of less than 
ten foot-candles of light are not suitable for 
any of these types of work. You should 
have twenty foot-candles of light or more 
for reading school books, either at school 
or at home. 

HEARING WELL 

The human ear has three major parts: 
the outer ear, the middle ear, and the inner 
ear. When you look at the diagrams in 
Fig. 3-9, you will see the positions of the 
three parts of the ear. The ear is connected 
to a special hearing center in the brain, in 
the same way that the eye is connected to 
the optical center. 

Hearing, like vision, is a very impor¬ 
tant sense. Not only does it help to protect 
you from danger, but it is very valuable in 
your enjoyment of life. You must rely upon 
your sense of hearing for the pleasures of 
good music and friendly conversation and, 
of course, for the many sound messages 
which you receive every day. Understand¬ 
ing how your ears work will help you to 
keep them in good health. 

Inside Your Ear. The outside part of 
the ear catches the sound from the air. The 
outer ear consists of the part which you 
see and the ear canal, a tunnel about an 
inch long which extends into the head. 
Protective wax is manufactured by the skin 
surface of the outer ear canal. This wax 



Fig. 3-9. The human ear has three 
main areas — the outer ear, the mid¬ 
dle ear, and the inner ear. Here we 
spotlight the middle ear. The ear¬ 
drum separates the outer ear from 
the middle ear. Inside the middle ear 
are the three small bones — the ham¬ 
mer, the anvil, and the stirrup — that 
help to transfer sound. In the middle 
ear is the beginning of the Eustachian 
Tube. The other end of this tube is 
in the throat. (Courtesy Zenith Radio 
Co., Hearing Aids Division.) 

serves as a shock absorber and prevents 
infections and other damage to the ear. 
Stretched tightly over the end of the 
canal is a thin skin, or membrane, called 
the eardrum. The eardrum separates the 
outer ear from the middle ear. In the mid¬ 
dle ear there are three small bones held in 
place by delicate muscles. These bones are 
important in transferring sound to the inner 
ear, later to be sent to the brain. 

Also extending from the middle ear is 
a small tube which leads into the side of 
the throat. This is called the Eustachian 
tube. Air passes through this tube to keep 
the air pressure inside the ear equal to the 
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outside air pressure. If you have ever gone 
up in an airplane, or even in the elevator 
of a tall building, you may have felt a 
strange pressure in your ears. This is be¬ 
cause the pressure on the outside of the 
eardrum is different from the pressure on 
the inside. Swallowing relieves this feeling 
because air is pushed into the Eustachian 
tube to balance the pressure on both sides. 



Fig. 3-10. Here we spotlight the inner 
ear. The lower portion, called the 
cochlea, contains thousands of nerve 
endings. Sound stimulates these nerve 
endings, which then carry the sound 
message, through the auditory nerve, 
to the brain. (Courtesy Zenith Radio 
Co., Hearing Aids Division.) 

Still deeper in the head is the inner ear. 
The inner ear is divided into two parts. 
One of these, the cochlea, is concerned with 
hearing and is shaped somewhat like a snail 
shell. See Fig. 3-10. 

Tiny nerves line the inside of the 
cochlea, which is filled with a fluid. These 
nerves, carrying sound messages, come to¬ 
gether to form the nerve tissue leading 
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to the brain. The other part of the inner 
ear is the balancing organ which you will 
read about later. It has nothing to do with 
your hearing. 

The Ear Transmits Sound. When¬ 
ever sound is produced, the air is set in 
motion in the form of a rapid movement 
back and forth known as a vibration. The 
vibrations are collected by the outer ear 
and sent down the canal to the eardrum, 
which also begins to vibrate. As the ear¬ 
drum vibrates, it moves the three little 
bones of the middle ear. In turn, these 
delicate bones transfer the sound to the 
inner ear. From the inner ear the nerves 
carry the impression of the original sound 
to the brain, where hearing really takes 
place. 

Preventing Injuries to the Ears. 

There are two main causes for deafness. 
One is injury to the ear or some of its parts. 
The other cause is damage to the nerve 
which connects the ear with the brain, or 
to the brain itself. You can prevent damage 
to the ear by keeping things out of the ear 
canal. 

Teachers of science or health educa¬ 
tion will often jokingly advise you never 
to put anything in your ear but your elbow. 
Of course, it is impossible to put your elbow 
in your ear, and that is what the teacher 
means. No objects should ever be placed 
in the ear, nor should you ever probe the 
canal with any instrument. 

If anything gets in the canal and is not 
easily removed by washing, you should al¬ 
low a doctor to examine the ear and remove 
the object. Doctors have special lighting 
equipment and delicate instruments for 
removing objects from the ear. 

Ear Trouble From Head Colds. Ear 
trouble often follows a bad cold. When 
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Fig. 3-11. A poor report card led 
to the discovery that this hoy 
did not hear well. Do you have 
any handicaps? (Zenith Radio 
Corp. photo.) 


von have a head cold, the inside of the 

* 

nose manufactures a liquid known as 
mucus. Some of this travels to the hack of 
the throat. If you blow your nose too hard, 
mucus may he forced hack into the eusta- 
chian tubes which lead to the ears. Perhaps 
you have felt your eardrums snap or move 
suddenly when vou have blown vour nose 
too hard. If the mucus from the nose 
reaches the middle car, it may cause an 
infection to develop. Such ear infections 
are serious and should have the attention 
of a physician as soon as you know about 
them. Remember to blow your nose gently, 
one nostril at a time. 

Ear Trouble from Swimming. Other 
common causes of ear troubles are diving 
and swimming. Diving, especially from 
great heights, can injure the eardrum. Ex¬ 
pelling air through the nose will help in 
swimming underwater, because this keeps 
the breathing passages free from water. It 
is not always easy to keep breathing out all 
the time your nose is under water, but the 
practice is worth developing. Water which 
gets into your outer ear canal may be 
trapped there and cause infection. It is 
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wise to use rubber ear plugs to prevent this 
from happening. 

You Hear Through Your Brain. In 

some cases hearing may become imperfect 
because of some injury to the nerve tissue 
which connects the inner ear with the hear¬ 
ing center of the brain. This nerve tissue is 
known as the auditanj nerve. It may be 
damaged by diseases such as measles and 
scarlet fever if they are not given proper 
medical attention. The nerve of hearing 


Fig. 3-12. Diving , especially from 
great heights , can injure the eardrum. 
(Courtesy U. S. Forest Service.) 






Fig. 3-13. Taking a hearing test. 

(Courtesy Cleveland Hearing 
and Speech Center.) 

may also be damaged by infections which 
center in the teeth, tonsils, or various other 
parts of the body. The most important safe¬ 
guard for the auditory nerve as well as all 
the other parts of the organs of hearing is 
prompt and proper medical attention for 
any trouble that may arise. 

Hearing Tests. Most young people 
have healthy ears. You need not have any 
worry or concern about your ears unless 
there is some evidence that your hearing is 
faulty. If you find that you must often ask 
people to repeat questions, your hearing 
may be at fault. Sometimes a pupil will be 
accused of being dull when it is really his 
hearing that is faulty. Many schools hold 
yearly hearing tests so that any difficulties 
may be discovered early. 

Hearing Aids. If following the com¬ 
mon health rules for the ears and good 
medical attention still do not prevent hear¬ 
ing difficulties, it may be necessary to pro¬ 
vide other help. The science of lip reading 
is well developed and may be learned by 
almost anyone who has difficulty in hear¬ 
ing. Also, excellent aids to hearing are avail¬ 
able in the form of electrical devices. There 

HOW DO YOUR SENSES SERVE YOU? 


are specialized electrical hearing aids 
which can restore the sense of hearing to 
people who might otherwise remain deaf. 
Doctors who specialize in the field of 
hearing can guide people with this diffi¬ 
culty to the right places to purchase proper 
hearing aids. 

Hearing is one of your important body 
functions. A summary of the health rules 
which can help you to maintain good 
hearing would include the following: keep 
your body health as good as possible; be 
sure to protect the ears and nose when div¬ 
ing and swimming; guard the eardrum and 
outer ear canal from outside injuries; make 
sure that any colds you catch are properly 
treated. Regard for these rules and the 
general rules for healthful living will help 
you to keep your good hearing. 

THE SENSE OF TASTE 

Besides helping you with your eating 
and speech, your tongue serves another 
function in your body. It helps you to 
taste. If you examine your tongue closely 
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THE SENSE OF SMELL 



Fig. 3-14. Try holding your nose while 
you chew on a piece of onion or other 
food that has a "strong” taste. Does 
smell have anything to do with taste? 

in a mirror, you will find an interesting 
thing. The surface of your tongue is cov¬ 
ered with tiny “bumps.” Hidden among the 
bumps are the openings, or pores, of many 
thousands of taste buds. These buds con¬ 
tain the endings of nerve cells which re¬ 
ceive messages of taste and send them to 
the brain. 

Strangely, there are only four different 
kinds of tastes: sour, sweet, salty and bitter. 
Each of these is tasted in a different part 
of the tongue. The taste of sweet and salt 
is received mostly by the tip. Bitter sub¬ 
stances register best near the back, and 
sour substances such as vinegar are tasted 
with the sides of the tongue. Of course, 
combinations of these four give foods their 
individual tastes. 

Try holding your nose while you chew 
on a piece of onion. Do you see that it tastes 
only like a raw potato or apple? The reason 
is that an onion seems to taste strong only 
because it affects your sense of smell! 


In the upper, moist portion of your 
nostrils there are tiny hair-like endings of 
nerves which can carry the sensation of 
odors to your brain. There are such a great 
number of odors that we can only describe 
what we smell by comparing one odor with 
another. Thus, we say that something 
smells “like camphor” or “like roses.” Scien¬ 
tists are still puzzled by the exact way in 
which the sense of smell operates. It is in¬ 
teresting to know, however, that this sense 
becomes “tired” easily. It is for this reason 
that you can smell the odor in a room when 
you first enter, but soon you become accus¬ 
tomed to the smell even if it is disagree¬ 
able. Try smelling different perfumes in a 
cosmetic shop. Soon you lose the power to 
tell them apart because your sense of smell 
has become tired. 

Your nostrils can detect poisonous 
fumes such as those from a leaky refrigera¬ 
tor or from cooking gas and thus protect 

Fig. 3-15. Is the smell of freshly baked 
bread pleasing to you? Odors can be 
quite pleasant or unpleasant. (Cour¬ 
tesy Republic Steel Corp.) 
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your life. Unfortunately, some poisonous 
substances such as carbon monoxide gas 
are odorless, and so your sense of smell is 
useless against them. 

Illnesses, such as colds or hay fever, 
which affect the nose may damage the sense 
of smell. Also, the continued breathing of 
strong odors will do the same. Like all your 
senses, the sense of smell is most efficient 
when your body is in good health. 



Fig. 3-16. This is a diagram of a 
simple nerve cell, some branches, and 
the connection to a muscle. 

HOW DO YOU FEEL? 

Of course, we hope that your answer 
to the question, “How do you feel?” will 
always be, “Fine!” But when you are 
thinking about your senses a better answer 
would be, “With my skin!” Like the inside 
of your nose and the surface of your 
tongue, your skin is covered by the endings 
of sensitive nerves which can receive feel¬ 
ings of touch, pressure, pain, heat and cold. 
Each type of nerve ending is different in 
structure and carries a different sensation 
to the brain. Often combinations of feel¬ 
ings occur together. If you should touch a 


hot stove, for example, your brain would 
register touch, pressure, pain and heat all 
at once. The sense of touch is only one of 
the important functions of the skin. Later 
on you will learn about some of the others. 

KEEPING YOUR BALANCE 

In the description of the ear earlier 
in this cycle, mention was made of a struc¬ 
ture concerned with your sense of balance 
and motion. This sense is controlled by the 
semicircular canals of the inner ear. The 
semicircular canals are hollow bones which 
are like small pieces of pipe bent into the 
shape of a half circle. See Fig. 3-17. The 
inside of each of the canals is filled with a 
water-like liquid. 

One of the canals helps you to sense 
level or forward motion such as you experi- 



Fig. 3-17. The canals in the inner ear 
are filled with a water-like liquid. 
These canals help you to sense motion 
and to keep your balance. (Courtesy 
Zenith Radio Co., Hearing Aids Divi¬ 
sion. ) 
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ence in walking or riding a bicycle. The 
second canal informs you of sidewise mo¬ 
tion such as falling or rolling on your side. 
This also helps you to feel the swaying 
motion of boat rides. The feeling of falling 
backward or forward is registered by the 
third canal. 

Tiny hairs which are connected to 
nerves leading to the brain are located in¬ 
side of the semicircular canals. As the 
liquid in the canals is swished around by 
your body’s motions, the tiny hairs are dis¬ 
turbed. These disturbances are sent along 
the nerves to the brain, where the motion 
is registered. Immediately the brain sends 
out messages to other parts of the body. 
As a result many muscles are forced into 
work so that your body can maintain its 
balance if you are walking, sitting, or lying 
down. Once in a while your body may be 
moving in three directions at once. Such is 
the case on a boat or other vehicle. You 
can be traveling forward and sideways as 
well as up and down. If the motions are 
great, the fluid in the semicircular canals 
is splashed around violently. As a result 
your sense of balance is disturbed. Many 
people become dizzy and sick when this 
happens, and are forced to lie down as they 
try to recover their balance. Doctors call 
this sea sickness or motion sickness. Have 
you heard of the drug called Dramamine? 
This has been found very effective for some 
people in overcoming nausea. It is often 
prescribed for people going on ocean voy¬ 
ages and airplane trips. 


YOUR SENSES SERVE YOU 

Your senses are among the most valu¬ 
able servants you can find. They help you 
to live, and to enjoy a pleasant life. The 


enjoyment of good foods, the pleasures of 
good music, the joys of seeing things of 
beauty all depend upon your senses. With¬ 
out them you could not enjoy the sounds of 
laughter or of friendly voices; you could not 
spend happy hours in the movies or at a ball 


Fig. 3-18. Your sense organs send 
messages to your brain by means of a 
complex nervotis system. This nerv¬ 
ous system consists of the brain , the 
spinal cord, and thousands of nerves 
that branch out to every part of your 
body. Your spinal cord and brain 
then send out messages which control 
your actions. 
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Fig. 3-19. This is a 
television studio. Tele¬ 
vision appeals to your 
senses of sight and hear¬ 
ing. (Courtesy NBC.) 

game; you could not appreciate the smell 
of freshly cut grass or the taste of ice cream 
on a warm day. You could not keep in touch 
with your world. 

None of the sensations received by 
your sense organs could be appreciated 
unless they were delivered to your brain. 
Fortunately, your body is equipped with an 
efficient nervous system for this purpose. 

The nervous system includes a net¬ 
work of nerves which carry "messages” 
from the sense organs to the spinal column 
or to the brain. In order for a nerve to act, 
it must be acted upon by some outside 
force. We call such an outside force a stim¬ 
ulus. A stimulus is something that causes 
action in a living thing. If you touch a hot 
object, you immediately pull your hand 
away. Part of your nervous system has been 
stimulated. The hot object acted as a stim¬ 
ulus. The act of pulling your hand away is 
called a response. A response is a reaction 
to a stimulus. Suppose someone called your 
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name. This would be a stimulus to your 
nervous system. You probably would turn 
around to see who had called you. The act 
of turning around would be a response. Can 
you mention other stimuli and their re¬ 
sponses? It is because of the many stimuli 
you respond to from birth that you are able 
to learn. 

Senses Help You to Learn. Were it 
not for your senses there would be no way 
for you to learn about yourself or the world 
around you. Your senses help the brain 
exercise good control over the body. The 
five senses send messages to the brain, 
which immediately decides what action to 
take. After deciding, the brain sends out 
messages by means of other nerves to the 
parts of the body which are stimulated. 
Now some action can be taken in the form 
of a response. In the case of seeing, the 
brain sees things through your eyes. The 
result is that an impression is left in your 
memory. Each of your senses continually 
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picks up stimuli which are sent to the brain 
to be stored away for the future. Even as 
you read this paragraph, messages are be¬ 
ing delivered to your brain for storage. Per¬ 
haps they will remain there until someone 
asks you about this subject. Then you will 
remember some of the facts you have dis¬ 
covered here. Your sense of sight has 
helped you to learn. 

Think of the color, red. To many peo¬ 
ple, the color red means danger, or is a 
signal to stop some activity. Drivers of ve¬ 
hicles have learned that a red traffic signal 
demands that they stop. To a railroad engi¬ 
neer, a red signal means that a train is on 
the same track some distance ahead. This 


Fig. 3-20. Can you recognize the odor 
of the chemical used to protect cloth¬ 
ing and blankets against damage by 
moths? (Courtesy Dow Chemical 
Co .) 



is another example of how your sense of 
sight helps you to learn. What other mean¬ 
ings does the color red have for you? 

Doctors have trained themselves to 
understand the sounds of a human heart. 
Hearing has enabled orchestra leaders to 
learn if someone is playing "off key.” In 
your own experience you may have learned 
that a siren means fire. You may have also 
found that hearing a song played several 
times has helped you to learn it. 

Your sense of smell is likewise a good 
teacher. When you smell smoke, your brain 
tells you to look for a fire. When you smell 
"gas” from a kitchen range, you move to 
turn it off immediately, because you have 
learned of the dangers of poisoning. Dis¬ 
agreeable odors may tell you of low tide 
or of burning rubber. Other odors may 
tell you that a pie is baking or that fish is 
frying. How many more things can you 
think about that you understand immedi¬ 
ately because your sense of smell has taught 
you about your world? Can you think of 
things you have learned through your sense 
of taste? 

Can you name any occupations in 
which people make their living by using 
their sense of touch? You might start with 
textile workers, musicians, machinists, and 
sculptors. A violinist has learned by touch 
what notes he can produce on his violin. 
He knows that if he makes a shorter string 
vibrate, he will produce a higher-pitched 
note. Textile workers usually know by 
touch what materials are coarse or soft, 
and which are wool, silk, or cotton, regard¬ 
less of the way the materials are woven. 
Perhaps you have already learned how to 
judge certain fabrics by their “feel.” Of 
course, you have also discovered that fire 
is hot and can cause pain. 



Fig. 3-21. Your senses sometimes deceive you. Do your eyes tell you the truth 
here? Check with a ruler. (1) Is AB equal in length to CD? (2) Is EF equal 
in length to GH? ( 3) Is MN equal in length to NO? (4) Is RS parallel to TV? 
(5) Are the heights of the three people the same? 


Using a combination of senses will en¬ 
able you to learn more effectively. In study¬ 
ing a particular subject, try to use as many 
of your senses as possible. Thus in learning 
about food in your science work, you can 
use your sense of sight to read this book and 
other books and charts. You can use your 
sense of hearing to listen to what your 
teacher and others tell you about foods. 
You can use your senses of sight, taste, 


smell, and touch to identify and appreciate 
the differences in foods. Your brain will 
store away these messages so that many of 
them can be remembered in the future 
Your senses are your servants and the 
key to your learning and enjoyment of life. 
It is well to make the best use of these 
precious possessions, and to make every 
effort to keep them in the best of condition 
always. 
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Like many youngsters, Bill was scared when he went to visit the 
family doctor. Actually there was nothing wrong with Bill’s health. 
But, wisely, his parents thought he should visit the doctor once a year 
for a check-up. As he waited for the doctor, the nurse took Bill's tem¬ 
perature and pulse. The pulse is a beating or throbbing in a person s 
blood vessels. This beating is due to the beating or pumping of the 
heart. The nurse found out how many times Bill’s heart beat each 
minute. After that, the nurse measured his height and weight. Then 
she wrote all this on Bill s record card and gave it to the doctor. 

“Come on in and sit down, Bill,” said Doctor Roberts. “Your dad 
said you were coming in for a check-up. How have you been feeling?” 

“Fine,” said Bill, “Nothing has bothered me except a few colds 
this past winter.” 

“That sounds good. Let’s check you over anyhow,” said the doc¬ 
tor. “Your heart sounds as if it’s in good shape. Would you like to listen 
to it?” The doctor gave Bill his stethoscope. It was quite a thrill for 
Bill to listen to his own heart beating. 


Fig. 3-22. Examining with a 
stethoscope. (Courtesy School 
Health Bureau of New York 
City Department of Health. 
Photo by Doherty.) 
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Fig. 3-23. X-ray photos can in¬ 
dicate something about a per¬ 
son’s state of health. This one 
shows a portion of the pelvis 
hone, the spinal cord, some ribs, 
and the stomach. The patient 
drank a harmless mineral mix¬ 
ture that lined the stomach and 
gave it this white appearance. 
(Courtesy • General Electric X- 
ray Corp .) 


Next the doctor took Bill’s blood pressure. “You’re a bit fright¬ 
ened now, aren’t you, Bill?” he asked. 

“Yes, doctor; how did you know?” 

“I can tell from your blood pressure. Your pressure is a little 
higher than normal. I know that in your case it is only because you 
are excited about the examination,” said the doctor. Then he checked 
Bill’s eyes, ears, nose, and throat and found them in good condition. 

Bill asked the doctor what he could do for the few pimples that 

were beginning to appear on his face. 

“Well,” said the doctor, “I’ll give you a printed sheet telling you 
how to take care of your face and diet. Many young people have some 
pimples and yours are not serious at all. The condition usually dis¬ 
appears in a few years. But you are in good shape Bill. Come back 
again this time next year for another check-up.” 

Bill felt happy as he left the doctor’s office and headed for home. 
He reminded himself that next time he wouldn’t be so frightened. 

The following pages will explain how some of the measurements 
taken in a physical examination can tell you about your health. 
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problem 2: What are some ways of learning 

about your state of health ? 



Good health means more 
than being free from disease. A person who 
is really in good health should be in the 
best of physical condition. It is only then 
that you can appreciate the world and 
derive the fullest enjoyment out of life. 
How can you assure yourself of continuing 
good health? One of the best ways is 
through the understanding of your body. 
A good mechanic can keep his car in ex¬ 
cellent condition because he knows how 
it operates. Knowing how the human ma¬ 
chine operates can help you to better 
health. 

YOUR HEART AT WORK 

Imagine a machine that operates 24 
hours a day for 60 or 70 or even 100 years 
without stopping for rest or repairs. The 
human heart is such a machine. Why is the 
heart so important? What does it do that 


makes it the most vital of all of your body 
organs? Let us first examine the structure 
of the heart to help us answer these ques¬ 
tions. 

Your heart is about the size of your 
fist and is composed mostly of muscle. Al¬ 
though it is located in the center of your 
chest, the heart is tipped slightly to the left 
so that your heartbeat is more easily felt on 
that side. If you were to cut the heart of 
a sheep or calf in two, you would observe 
that it is divided into four separate spaces 
or cavities. In addition, you would see sev¬ 
eral tubes or blood vessels leading to each 
of these cavities. Look at Fig. 3-24 to help 
you understand how the heart is con¬ 
structed. 

The heart is actually an efficient pump. 
The liquid that it pumps, of course, is 
blood. Why must the blood be pumped 
and where does it go? 

Blood Vessels. Each of the many bil¬ 
lions of tiny cells that make up your body 
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GREAT VEIN FROM 



GREAT ARTERY TO 
BODY AND LEGS 


Fig. 3-24. This is a simplified diagram of the human heart, the most important 
organ of the body. Arteries are tubes that carry blood away from the heart. Veins' 
are tubes that carry blood back to the heart. 

must have oxygen and food to continue to body. Now the blood must pick up more 
live. This food and oxygen is carried to the food and more oxygen for its return trip, 
cells by the blood which travels through This gigantic transportation system op- 

the many highways in your body known as erates every moment of your life and the 
blood vessels. The blood carries the dis- pump that keeps it going is your heart, 
solved carbohydrates and fats so that the Blood returning from the body enters the 
cells can have energy; it carries the protein right side of the heart by means of a fairly 
for growth and the oxygen which each thin-walled tube known as a vein. This 
cell must have for life. blood has been “used.” By that we mean 

Having delivered its vital cargo to the that this blood has given up its supply of 
cells, the blood is now ready to take away oxygen and food to the cells and is now 
waste products like water and carbon diox- returning with water, carbon dioxide and 
ide and urea. These wastes are delivered other waste products, 
by the blood to the lungs, kidneys, and skin As this used blood drops to the lower 

where they can be eliminated from the chamber of the right side of the heart, a 
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squeeze or contraction takes place. This 
forces the blood up through another tube 
or artery into the lungs. Here the blood 
gets rid of its wastes and gets a fresh sup¬ 
ply of oxygen that you inhale from the air. 
Now the freshened blood returns to the left 
side of the heart by another vein. As the 
heart contracts again, this “fresh blood is 
forced into a big artery leading to the rest 
of the body. 

The blood vessels leading away from 
the heart are called arteries. Those lead¬ 
ing to the heart are called veins. How do 
these differ? The arteries have thicker 
walls and can stretch more easily. They 
have to be equipped in this way so as to 
withstand the tremendous pressure of the 
blood as it is pumped out of the heart. The 
veins have thinner walls and are not so 
elastic. This is because the blood is under 
less pressure when it returns to the heart. 
In fact, the veins are equipped with valves 


to prevent the blood from flowing down¬ 
wards because of the pull of gravity. 

How long does it take for your blood 
to make a complete round trip? It has been 
found that the entire journey — from the 
heart to the lungs, back to the heart, out to 
the body and back to the heart again — 
takes all of 30 seconds! Imagine, your en¬ 
tire blood supply, perhaps 5 or 6 quarts, is 
transported throughout your body in a half 
a minute. How often must your heart beat, 
or contract, in order to accomplish this? 



Fig. 3-26. Taking your pulse. 



Fig. 3-25. Valves in the veins prevent 
the blood from flowing the wrong 
way. The veins indicated here are 
of course greatly enlarged. 


Your Pulse. Place two fingers of your 
right hand against the inside of your left 
wrist just below the thumb. Can you find 
a throbbing or beating? Try placing two 
fingers on the side of your throat just below 
your jaw. Can you feel the beat? These 
are places in your body where arteries come 
near the surface of your skin. What you 
are feeling is the rush of blood into these 
arteries as your heart pumps. The doctor 
calls this throbbing the pulse. 
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Fig. 3-27. When you ex¬ 
ercise your pulse rate 
will increase. (Photo by 
Chester Studios, Inc .) 



What Does Your Pulse Tell You 
About Your Health? One of the first 
things your doctor will do when examining 
you, is to “take” your pulse. Usually he will 
put his fingers on your wrist until he finds 
the right artery. Then he will count the 
number of beats to himself as he looks at 
his watch for 30 seconds. To find the num¬ 
ber of beats per minute he will multiply 
that number by 2. The speed at which your 
heart is pumping is often a clue to your 
state of health. 

If your pulse rate is too fast the doctor 
suspects something is wrong. Perhaps there 
is some infection in your body, and the cells 
affected are demanding more oxygen and 
producing too much waste. Automatically, 
your heart beats faster and the pulse rate 
increases. 

Too slow a pulse rate may also be a 
sign of illness. In addition, a pulse that is 
weak or beating in an irregular way tells 
the physician that something is wrong. 

What is the normal pulse rate? This 
varies according to your age and sex and 
activity. Most boys and girls have a pulse 


rate somewhere between 65 and 85 beats 
per minute. This is when you are sitting 
up at rest. The girls’ rate is a little higher 
than the boys’. 

When you exercise, your pulse rate 
increases immediately because the muscles 
are working harder and need a greater 
supply of energy foods and oxygen. When 
you lie down, the pulse rate becomes 
slower. At the end of this cycle there are 
some suggestions for experimenting with 
your pulse and that of your classmates. 
These are easily performed and should be 
interesting to you. 

WHAT DOES YOUR BODY 
TEMPERATURE TELL ABOUT 
YOUR HEALTH? 

Have you ever seen the thermostat in 
your home or classroom? This is a device 
which helps to keep a room at a fixed tem¬ 
perature. As the temperature falls, the 
thermostat sends a message to the heating 
system and more heat is sent up. When it 
gets too hot, the heat is shut off automatic- 
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Fig. 3-28. This is a thermostat, con¬ 
nected to a heating system, that can 
keep a room at a fixed temperature. 
Tour body has very efficient "ther¬ 
mostats” that keep your temperature 
around the normal 98.6° F. ( Courtesy 
Republic Steel Corp .) 


ally. A good thermostat may work well, but 
it is not nearly as efficient as the “thermo¬ 
stats” which control your body tempera¬ 
ture. 


If the outside temperature should 
reach a sizzling 120°F, or if it should fall 
to a freezing 60° below zero, your body 
temperature still stays around the normal 
98.6°. How does your body get its heat? 
What are some of the ways in which your 
temperature is controlled? 

Each of the billions of little cells in 
your body is a furnace. When the blood 
delivers its oxygen and food, the cell actu¬ 
ally “burns” this food very slowly to obtain 
its energy. Of course this burning occurs 
without smoke or flame, but it does produce 
heat — enough heat so that your tempera¬ 
ture stays high in the 90 s no matter what 
the season. 

Your body also loses heat. Heat is 
given off directly to the surrounding air if 
it is cooler than your body. Also, some of 
your heat is passed along to the air as you 
exhale your warm breath. In addition, as 
your perspiration evaporates, it tends to 
remove heat from the surface of your skin. 

What happens when you become too 
hot? The brain sends signals to all of your 
body. First, you perspire to get a cooling 
effect. Then, the blood vessels near the 


Fig. 3-29. At times a patient may 
be placed in a "fever cabinet” 
to fight disease. (Courtesy Gen¬ 
eral Electric X-ray Corp .) 
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skin increase in size. More warm blood is 
brought to the surface of the body and its 
heat escapes into the air. You will breathe 
more rapidly, speeding the circulation of 
the blood. 

Suppose you become too cool? The 
blood vessels near the skin become thinner 
and your perspiring stops. You may even 
start shivering, because the rapid move¬ 
ment of your muscles produces more heat. 
All these body controls regulate your body 
temperature so that it changes very little 
when you are well. 

When your temperature rises, the doc¬ 
tor knows that you are ill, because this 
higher temperature, or fever , is a sign that 
some infection is present. Although scien¬ 
tists do not understand all of the reasons, 
it is well known that the poisons produced 
by disease germs will cause the tempera¬ 
ture to rise. In such a case a doctor should 
be consulted without delay, both to treat 
the disease and to bring down the fever. 
Abnormally high temperatures must be 
treated immediately with drugs and with 
alcohol sponge baths, so that the body cells 
are not permanently damaged. 

WHAT DOES YOUR 
BLOOD PRESSURE TELL YOU 
ABOUT YOUR HEALTH? 

Your heart pumps blood out into the 
body through the arteries with considerable 
force. As you have read, the walls of the 
arteries are strong and elastic so that they 
can withstand the push, or pressure of the 
blood. It is this push that the doctor refers 
to as blood pressure. 

The pressure that your blood exerts 
against the artery walls is often an indica¬ 
tion to your doctor of the condition of your 


Fig. 3-30. Exercise toill raise your 
blood pressure temporarily. (Courtesy 
National Park Service .) 

heart and blood vessels. To measure this 
pressure, the doctor uses an instrument that 
goes by the long name sphygmomanom¬ 
eter (sfig / -m6-man-om"-ett-er). Try pro¬ 
nouncing this a few times. Pretty soon you 
will find it easier to say than “blood-pres¬ 
sure - measuring - machine.” The doctor 
wraps a flat rubber bag around your arm, 
in using this instrument. Then he pumps 
air into the bag and it becomes so tight 
that the blood in your arm actually stops 
flowing. Now the doctor places his stetho¬ 
scope over an artery and releases the pres¬ 
sure on the bag, slowly. At the moment 
when he hears the blood break through, he 
checks the reading on his instrument, and 
this tells him the pressure of the blood in 
your arteries. 

If you have ever pinched the end of 
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a hose through which water was running, 
you will understand why blood pressure 
sometimes increases. In some people, the 
smaller arteries become narrower and the 
heart must pump harder to force the blood 
through. These people suffer from high 
blood pressure. This condition is undesir¬ 
able because it places a greater burden on 
their hearts. 

The narrowing of the blood vessels 
may come about because of old age, 
through constant overwork, poor diet, ex¬ 
cessive smoking, or excessive worry. In 
the case of people who are overweight, 
there are many more cells that must be sup¬ 
plied with blood. This means that the heart 
must exert more force in pumping. This is 
perhaps the most common cause of high 
blood pressure. 

The blood of a person suffering from 
low blood pressure is not being sent 
through the body with enough force. The 
sufferer may feel weak and lack energy 
because not enough oxygen is reaching the 
cells. This condition is not as serious as 
high blood pressure. 

Exercise will raise the blood pressure 
temporarily. This temporary increase in 
pressure is not serious in young people and 
those in good physical condition. If the 
exercise is not overdone, the pressure will 
settle after rest with no damage to the heart 
or arteries. In fact, mild exercise is valu¬ 
able for everybody, since the movement of 
the muscles helps the heart to push the 
blood around the body. 
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Fig. 3-31. Y our blood contains many 
different materials, each one serving 
a special purpose. If you happen to 
bleed, as from a cut, a substance in 
your blood called fibrinogen will 
change to solid threads of fibrin. This 
will usually plug up the wound by 
forming a clot of blood. If fresh blood 
is put into a test tube, clotting will 
begin in about 7 minutes. A yellow¬ 
ish liquid called serum forms on top. 


I HE STREAM OF LIFE 

You have read about the pressure of 
the blood, its uses to the body and how it 
is pumped to every cell. Now, let us take 


a closer look at this wonderful fluid which 
can rightly be called the stream of life. 

The Composition of Blood. Blood 
is mostly composed of a pale yellow liquid 
called plasma. Floating in this plasma are 
very tiny saucer-shaped cells which are 
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known as the red blood cells or corpuscles. 
These corpuscles give the blood its red 
color, and perform the important duty of 
carrying the oxygen that you inhale to your 
body. The red corpuscles contain a com¬ 
pound, rich in iron, known as hemoglobin. 
When combined with oxygen this sub¬ 
stance is bright red. When it loses its oxy¬ 
gen it becomes darker in color. Your veins, 
carrying blood with less oxygen, appear 
bluish in color under your skin. 

The red cells in a tiny drop of blood 
may reach the tremendous number of 
5,000,000. There are also white corpuscles 
in the blood, but they are far less plentiful. 
The same drop of blood will contain ap¬ 
proximately 10,000 white cells. The white 
cells are actually colorless. They are much 
larger in size than the red cells and are 
strangely shaped. Although not so numer¬ 
ous, they are still very important. As the 
white cells travel through the blood stream, 
they destroy bacteria which may cause 
disease. If you cut yourself and germs 
enter your skin, the white cells arrive at 
the cut and a battle between the bacteria 
and the corpuscles begins. The material 
we call pus is a mass of dead bacteria and 
white corpuscles which have died while 
fighting for your good health. 

There are other materials in the blood. 
Some of these help your blood to form a 
clot, a thickening of the blood into an al¬ 
most solid form, when you are cut. Other 
substances known as antibodies fight dis¬ 
ease. There are also dissolved foods for 
the cells, and waste products which are 
being returned to certain organs to be elim¬ 
inated. 

Circulation of Blood. The blood 
stream must pass near every cell of your 
body to bring nourishment and oxygen. 


The blood is pumped into the arteries lead¬ 
ing from the heart. These arteries branch 
off into smaller tubes like the roads branch¬ 
ing from a main highway. The tiny tubes 
traveling from arteries and veins are called 
capillaries. The capillaries go to every cell 
of the body. Here food and oxygen pass 
through their walls into the cells and waste 
products are picked up. The capillaries 
are like side streets through which delivery 
trucks can reach every house in the city. 



ARTERY 


VEIN 


Fig. 3-32. Capillaries are very tiny 
tubes that lead like branches of a tree 
into every part of the body. The 
arteries branch out into smaller arter¬ 
ies and then into capillaries. These 
capillaries lead into small veins, which 
then lead into larger veins. 


Now the blood is on its way to the 
heart. The capillaries pour into larger tubes 
— veins. These veins join larger veins until, 
finally, they all join to form one large vein 
which enters the heart. This whole system 
of transportation, including the heart and 
blood vessels, is called the circulatory sys¬ 
tem of the body. 
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Fig. 3-33. The main parts 
of your breathing st/s¬ 
tem. 


YOU MUST BREATHE 

You can live without food for many 
days. You might even live without water 
for a few days. But unless you breathe 
oxygen into your lungs, you cannot live for 
more than a few minutes. 

The Air Route. If you were to follow 
the air as it finds its way into your body, 
here is what you would find. Each of vour 


nostrils has many tiny hairs that catch dirt 
and other foreign materials present in the 
air you breathe. Toward the back of the 
nose are several bones covered with a moist 
layer of cells called the mucous membrane. 
As the air passes over this membrane it 
is moistened and warmed. From there it 
passes down into the throat, through the 
voice box and down into the windpipe. The 
windpipe is a strong, rough-surfaced tube. 
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You can feel your windpipe by placing your 
fingers over the front of your neck. Do you 
feel the circular ridges? These strong 
rings keep your windpipe from collapsing. 
From the windpipe the air is channeled 
into two large tubes or bronchi. Each of 
the bronchi leads directly into one of the 
lungs and branches into smaller bronchial 
tubes. At the lower ends of the bronchial 
tubes, the air is guided into smaller pas¬ 
sages. These continue to branch off and 
as the air goes deeper into the lung, the 
passages through which it travels become 
smaller and smaller. Each of these tiny 
tubes ends in a cluster of tiny little air- 
filled balloons, called air sacs. 

It is here, in the air sacs, that the blood 
takes on oxygen and gives off the waste 
products, carbon dioxide and water. 

Flow of Blood in the Lungs. The air 
sacs in the lungs have very thin walls. 
These are full of tiny capillaries which are 
loaded with red blood cells waiting for 
a supply of oxygen. The thin walls of the 
air sacs let oxygen from the air in the air 
sacs pass through into the blood. 

Earlier in this cycle you learned that 
the cells “burned’’ certain foods for heat 
energy. This burning is really a combina¬ 
tion of some of the chemical elements pres¬ 
ent in the foods with oxygen. For example, 
carbohydrates and fats contain the ele¬ 
ments carbon and hydrogen. When these 
combine with oxygen, carbon dioxide and 
water are produced as waste products. We 
use the term oxidation to describe the 
whole process. All oxidation, whether in 
your body or in a coal furnace, produces 
heat energy. 

The exchange of oxygen and carbon 
dioxide and water occurs in the air sacs. 
The capillaries give off their wastes and 


pick up fresh oxygen to be delivered to the 
rest of the body for the purpose of oxida¬ 
tion. This exchange goes on 24 hours a 
day and is called respiration. If it stops for 
a few minutes, the cells begin to die. 

How You Breathe. The next time you 
visit the butcher shop, get permission to 
handle an animal lung. You will notice 
that the organ is soft and spongy. This is 
because of the air which is trapped in the 
millions of air sacs. 

Your two lungs fill up most of your 
chest cavity. They are protected by your 
ribs and chest bones, and are separated 
from the lower portion of your body by a 
flat piece of muscle called the diaphragm. 
The diaphragm stretches across the body 
from side to side and from front to back. 
It is very important in controlling your 
breathing. 



Fig. 3-34. How you breathe. The dia¬ 
phragm (rubber sheet) pulled down 
causes the outside air to rush into the 
lungs (balloons). 
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Fortunately, you don t have to think 
about every breath that you take. You can 
control your breathing, but this is usually 
taken care of for you automatically. 

When your body is in need of air, a 
message is sent from the brain to the dia¬ 
phragm. This muscle moves down and, at 
the same time, your ribs move out slightly. 
This results in increasing the amount of 
space in your chest cavity. Automatically, 
air is pushed in through your nostrils to fill 
this space and equalize the air pressure. 
Now the diaphragm moves up again; the 
ribs close down. There is too much pressure 
on the lungs now, and air is forced out. The 
breathing cycle is ready to start again. Try 
to count the number of your breaths each 
minute. Perhaps you can make this a class 
exercise to get the average for the group. 

The mechanism of breathing can be 
observed very well in a model you can 
easily construct. Look at Fig. 3-24. As the 
rubber sheet (diaphragm) is pulled down, 
air rushes into the balloons (lungs). When 
the process is reversed, the lungs collapse. 

Your breathing or respiratory system 
is subject to many illnesses. The common 
cold may affect the nose and throat. Bron¬ 
chitis is an inflammation of the bronchi. 
Pneumonia and tuberculosis are both lung 
diseases. The best protection against these 
diseases, like most others, is good food, ade¬ 
quate rest, exercise, and fresh air. Of 
course, if there is any sign of trouble, you 
should see a doctor. 

WHAT DOES THE CONDITION 
OF YOUR SKIN TELL YOU 
ABOUT YOUR HEALTH? 

The skin has several important uses. 
As you have already seen, it helps regulate 
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your body temperature and provides the 
sense of touch. In addition, the skin covers 
and protects the body and assists in the 
elimination of waste products. 

The Structure of the Skin. The outer 
layer of skin, the part which you see, is 
called the epidermis. This is made up of 
layers of flattened cells which serve to pro¬ 
tect your body from the outside. Fig. 3-35 
will help you understand how your skin 
is constructed. The inner part of your epi¬ 
dermis contains tiny particles of coloring 
matter called pigment. It is this pigment 
that accounts for the different skin color 
of the various races of men. The pigment 
can be darkened by exposure to the sun 
causing you to “tan.” 

Under the epidermis is the layer of 
skin which contains nerves, blood vessels, 
oil glands, sweat glands and the roots of 
your hair. We call this layer the dermis. 

As the cells of your epidermis are used 
up and rubbed off every day, new cells are 
formed to take their place by the upper 
portion of the dermis. 

Functions of the Skin. Perhaps the 
most important function of the skin is to 
keep disease germs from entering your 
blood stream. While the skin is whole and 
unbroken, it is your best defense against 
an invasion by bacteria and other germs. 

Another use of the skin is the elimina¬ 
tion of waste products through the sweat 
glands. Blood, which has picked up water 
and other waste products of oxidation, de¬ 
livers much of this to the sweat glands. 
Here the wastes are removed and returned 
to the air through the pores , or tiny open¬ 
ings, in the skin. Even though you may 
not be conscious of sweating, this process 
goes on all the time. In fact, there have 
been accidents in which actors, who closed 
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Fig. 3-35. The structure 
of the human skin (a 
cross-section view seen 
under the microscope). 
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their pores when they painted their skins 
for a performance, died because their 
wastes accumulated in the body and poi¬ 
soned them. 

The hair is a special form of the epi¬ 
dermis. Notice that each hair stands in a 
little tube known as the hair follicle. The 
oil glands open into this follicle and keep 
the hair oily and smooth. Hair covers most 
of your body with the exception of your 
palms, the soles of your feet, and your lips. 
The hair of your eyebrows and eyelashes 
catches particles that would otherwise 
enter your eyes. The hair on your head pro¬ 
tects your skull and also improves your 
appearance. Indeed, a rich, clean head of 
hair is a very attractive element of your 
personal appearance. 


Keeping the Health of Your Skin. A 
clear, soft and smooth skin is a prized pos¬ 
session. Usually it means that the owner 
is clean and healthy. This is because the 
skin is a good indicator of your general 
health. 

A healthy complexion is usually con¬ 
nected with good food, rest, exercise, and 
fresh air. Regular washing with mild soap 
and water is another safeguard against poor 
skin health. 

Acne—an Adolescent Problem. Even 
with great care, however, there are certain 
skin disorders that may arise. Among teen¬ 
age boys and girls, the most disturbing skin 
ailment is the appearance of many pimples, 
sometimes called acne. These pimples 
often appear when the oil glands clog up. 
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Fig. 3-36. This is a poison ivy vine, 
showing the leaves (always in groups 
of three) and fruit. Learn how to 
recognize and avoid the poison ivy, 
poison oak, and poison sumac plants. 

They can cause a severe, itching rash 
on your skin. (Courtesy U. S. Forest 
Service.) 

An infection can set in and an unsightly 
blemish appear. If this condition should 
occur, do not allow relatives or friends to 
talk you out of getting medical attention. 
Often you will hear that nothing can be 
done about acne except to wait. This is not 
true. Your doctor can help you to avoid 
this condition. He will usually prescribe 
a new diet for you. He will probably ask 
you to cut down on carbohydrates and 
greasy or fried foods. He may suggest 
that you wash your face often with a com¬ 
plexion brush. If your condition is serious, 
he may refer you to a skin specialist for 


treatment with X-rays or ultra-violet lamps. 
There are many things that you can do 
about acne, but your doctor should be the 
one to advise you. Be careful of the hun¬ 
dreds of advertisements in cheap maga¬ 
zines that promise a quick and easy “cure.” 

Athlete’s Foot. Another common in¬ 
fection is “athlete’s foot,” which is caused 
by a tiny, colorless plant called a fungus. 
This disease usually occurs in the summer 
time, and makes itself known by an itch¬ 
ing sensation between the toes. If it is 
allowed to go on without treatment, the 
skin will break, the infection will spread, 
and the itching will become almost un¬ 
bearable. You can avoid “athlete’s foot” 
by washing your feet carefully and drying 
them before dressing. Wear rubber san¬ 
dals or "clogs” in the shower room and 
along the side of the pool to avoid infection. 
If you detect the symptoms, get medical 
treatment. There are many drugs which 
can destroy fungus plants, but your doctor 
will know which to recommend. 

Tell-tale Symptoms. The skin is often 
the messenger which tells you of an illness. 
In measles, chicken pox, scarlet fever and 
many other diseases, a rash will appear on 
your skin. A flushed appearance may be 
the first sign of fever. Droopy and lifeless 
skin may tell you that you need more rest 
or exercise. Large pimples, or hives, may 
break out if you have eaten something 
which your body cannot tolerate. Tiny pim¬ 
ples may arise from touching the poisonous 
oils of poison ivy or similar leaves. 

Take good care of your skin. It serves 
you faithfully in many ways. You can repay 
this service by avoiding severe sunburn, 
by washing thoroughly and often, and by 
seeking medical care when your skin shows 
you that something has gone wrong. 
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“Watch it, Dave! Here comes Mr. Preston,” Bill warned. But 
Dave was late. He brought his cigarette down too slowly, and Mr. 
Preston saw the whole thing. 

Mr. Preston was a general science teacher at Hilltop Junior 
High, and he was considered a “regular guy. He earned this reputa¬ 
tion through his sense of humor, his fairness, and his sincere interest 
in all of his pupils. 

“Hi, fellows!” Mr. Preston had come over to where the boys 
were standing. “Why all the fuss about hiding the cigarette?” 

Dave’s face reddened. “Gee, Mr. Preston,” he stammered, “I 
hope you won’t talk to my parents about this. My Dad would never 
forgive me.” 

“You know me better than that,” answered Mr. Preston. “But 
why were you so anxious to hide your smoking? Do you really feel 
it s wrongr 




“Well, maybe,” answered Dave. “All of the older folks say that 
smoking is bad for young people, but most of them smoke themselves. 
Don't you smoke, Mr. Preston? 

“I did for a while,” Mr. Preston said, smiling, “But truthfully 
all I got for it was a bad taste in my mouth and a burn in my best sport 
jacket. Besides, it’s an expensive habit. It was costing me almost two 

dollars a week.” 

“Is that the only reason you stopped, Mr. Preston? asked Bill. 
Mr. Preston looked serious again. 

“Look boys,” he said. “I don’t want you just to accept my state¬ 
ment that smoking is harmful. Why don t we make this a problem 
for the entire class? I’ll forget that I saw you smoking, if you’ll both 
promise to keep an open mind while we discuss the effects of tobacco. 
Tomorrow, we’ll set up some committees to do some investigating. 

How does that sound?” 

The boys readily agreed. 

“While we’re at it, why not extend our study to alcohol and nar¬ 
cotics?” Mr. Preston added as an afterthought. 

Bill was especially anxious to do this. He had heard about alco¬ 
holics” and drug “addicts” and wanted more information about the 

subject. 

Mr. Preston started to go. “So long fellows,” he joked. “I’m going 
down to spend some of my cigarette savings on a few rolls of film. 

“What a guy!” Dave murmured, as he ground out his cigarette 

butt with his heel. 

Would this be his last smoke? What do you think? 
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When Columbus discov¬ 
ered America he also discovered smoking. 
The American Indians were apparently the 
first people on record to discover that the 
leaves of the tobacco plant could be dried 
and used to produce smoke to be inhaled 
by humans. Since smoking is not a natural 
process, like eating, its effects on the body 
have been discussed for hundreds of years. 
Millions of people smoke, and billions of 
cigarettes are consumed in this country 
each year. The tobacco industry is tremen¬ 
dous, and the money spent to advertise 
tobacco products runs into hundreds of 
millions of dollars yearly. What are some 
of the facts about smoking and its effect 
on you? 

THE SCIENTISTS LOOK 
AT TOBACCO 

Perhaps you have heard of the power¬ 
ful poison nicotine ? It is often used in in¬ 


sect sprays around the farm or garden be¬ 
cause it is such a powerful killer. It is also 
present in tobacco, though in small 
amounts. Some of this poison is absorbed 
by your body from cigarette smoke. Not 
enough to kill you, but enough to cause 
changes in your body — for the worse. 

Have you ever heard of “smokers’ 
cough”? Tobacco smoke irritates the deli¬ 
cate membranes lining your nose and 
throat. Heavy smokers often develop a 
hacking cough which lingers on until they 
stop smoking on a doctor’s advice. 

Tests made on smokers have definitely 
proven that tobacco increases the blood 
pressure, raises the pulse, and decreases the 
size of certain blood vessels. Smoking also 
interferes with blood circulation in the 
hands and feet, and lowers the temperature 
of these organs. 

Recently, extensive scientific research 
has shown that excessive smoking may be 
a cause of lung cancer. Other research has 
shown that heavy and moderate smokers 
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Fig. 3-37. Is the use of the to¬ 
bacco leaf harmful? (Courtesy 
Extension Service, V. S. Depart¬ 
ment of Agriculture.) 


have a shorter life expectancy than non- 
smokers. Other diseases which may be re- 
lated to smoking, although there is no posi¬ 
tive proof, are heart diseases, ulcers, indi¬ 
gestion, and cancer of the mouth. 

Should You Smoke? You have read 
the facts, now you must make the decision. 
Is it worth spending a quarter for 20 cigar¬ 
ettes that irritate your throat, cause most of 

* 

our fires, cut down on your wind, and re- 
duce your life span? Ask the man who 
smokes. Almost always he will tell you 
that he regrets the day he started the 
smoking habit and wishes he could stop. 

Why should you start smoking? Be¬ 
cause it’s “grownup"? Because you are 
afraid of being called “chicken”? Remem¬ 
ber, it takes more courage to refuse a cigar¬ 
ette than to accept one. Think of that the 
next time somebody "dares” you to smoke. 


ALCOHOL 

Like the nicotine in tobacco, alcohol 
can be a poison. Many people will take a 
“drink” of wine, beer, or whiskey in the 
hope that it will perk them up and make 
them feel more alive. Actually, scientists 
know that alcohol is a depressant. This is 
a substance which slows down body proc¬ 
esses. 

How Alcohol Affects the Body. Mil¬ 
lions of people drink alcoholic beverages 
in small quantities without ill effects. How¬ 
ever, alcoholic drinks in excess can be quite 
harmful. 

Alcohol is rapidly absorbed into the 
blood and passes into the body cells within 
a few minutes. This is why a person may 
feel dizzy a few moments after taking a 
drink. The effect of alcohol on the brain 
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is well known to physicians. Accuracy of 
vision is reduced, reactions to stimuli are 
slowed down, and the judgment of a per¬ 
son under the influence of alcohol is not 
good. 

Alcohol taken in large doses, can pro¬ 
duce some of the following effects: The vic¬ 
tim may stumble, mumble to himself or 
shout foolishly. He may cry or laugh hys¬ 


terically. He may see double images and 
get stomach upsets. Such a drinker may 
even “pass out” or become unconscious. 
Have you ever seen the sorry sight of a 
“drunk”? 

Some heavy drinkers try to escape 
from their problems and put themselves in 
a stupor. Perhaps the greatest danger to 
the heavy drinker is that drinking becomes 


Fig. 3-3S. The alcohol in drinks such as beer, wine , and whiskey gets into the 
blood and has a quick effect on the brain. Area No. 1, which controls judgment 
and reasoning, is affected first. There is less control of emotions. Area No. 2, 
the motor area, which controls your muscles, is then affected. Next comes dif¬ 
ficulty with Area No. 3, which controls your speech. The drinker then has trouble 
with Area No. 4, which controls eyesight. 


I. REASONING AREA 2. MOTOR AREA 



SPEECH 

AREA 


VISUAL 
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habit-forming. Too many victims continue 
to drink too much and eventually cannot 
stop. They have become completely de¬ 
pendent upon alcohol and are now called 
alcoholics. These unfortunates usually lose 
their jobs, become physically weak, and 
are the victims of many diseases. Their 
stomachs and livers are usually affected, 
their eyesight may fail, and they are likely 
to die at any early age. Is alcoholism 
widespread? You may be amazed to know 
that Bellevue Hospital in New York City 
may admit as many as 10,000 alcoholics in 
a year. It has been estimated that there are 
about a quarter of a million alcoholics in 
the United States, and a million near-alco¬ 
holics. 

Drivers who have been drinking are 
a menace on the roads. It has been esti¬ 
mated that one out of five fatal automobile 
accidents involves a person who had been 
taking alcohol in some form. 

After reading these facts, it should not 
be hard for you to decide about wasting 
your money on alcohol. It may be sociable 
to drink, but you get more benefit from an 
ice cream soda or some other drink that is 
refreshing and healthful. 

THE DANGERS OF NARCOTICS 

The number of people who use nar¬ 
cotics in this country does not compare 
with the many millions who smoke and 
drink. This is very fortunate for all of us, 
for the narcotic or “dope” habit has a most 
terrible effect on its victim and those 
around him. 

The Effects of Narcotics. A narcotic 
is a drug which can relieve pain or produce 
sleep. When used by a doctor or dentist, 
narcotics may be beneficial. Codeine is a 


drug that is often prescribed by doctors 
for the relief of severe pains. Morphine is 
used on the battlefield. 

Marijuana is a weed whose leaves can 
be fashioned into cigarettes. These mari¬ 
juana cigarettes, sometimes known as 
“reefers,” produce a false sense of well¬ 
being in the smoker for a short time. Usu¬ 
ally, however, the victim soon tires of 
marijuana and seeks a bigger “thrill” in the 
more dangerous narcotics like heroin, co¬ 
caine, and morphine. 

The victim is caught in a never-ending 
cycle. The more he uses, the more he wants! 
The drugs are costly, and he may become 
a salesman or “pusher” to earn the money 
for his own needs. Many victims of the 
narcotic habit, or addicts, turn to crime. 
Their brains and bodies are wrecked, and 
they must use the drugs constantly or they 
suffer violent convulsions and unbearable 
pains. Many addicts become violent; others 
fall into a state of drowsiness or stupor. 
Many steal; others may kill to get the 
money for their ever-increasing need for 
dope. 

Is There a Cure? The Federal gov¬ 
ernment and many local health agencies 
have established hospitals for the exclusive 
treatment of narcotic victims. Here, an 
attempt is made to break the victim of his 
habit and restore him to a useful life. This 
is not an easy process, and many of the 
victims who seem to be cured are soon back 
again, seeking treatment. 

The only sure way to avoid the physi¬ 
cal, mental and moral breakdown caused 
by narcotics is never to use any of the 
drugs unless they are prescribed by a physi¬ 
cian for some temporary illness — and then 
only in the amounts and for the period of 
time prescribed. 
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Pi„ 3-39. The human bony structure (rear view shown here) ( 1 ) protects vital 
organs such as the brain, heart, and lungs; ( 2 ) supports the body ; and ( 3 ) provides 
attachments for the muscles. Some of the large bones are shown here. 


SECURING GOOD PERSONAL HEALTH 
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1. Your eyes are complicated organs 
which take in the light coming from things 
around you. From the retina at the back 
of the eye, light messages are sent to the 
brain along the optic nerve. 

2. The human ear has three parts; the 
outer ear, middle ear, and inner ear. Sound 
messages travel through the three parts of 
the ear in order to reach the brain. The 
auditory nerve connects the inner ear with 
the brain. 

3. In addition to vision and hearing, 
your senses of smell, taste, touch, and bal¬ 
ance can serve you and help you to learn. 

4. The human heart is a most efficient 
pump. It pumps a tremendous amount 
of blood each day, and deserves your best 
care and treatment. 

5. Doctors are able to learn something 
about your heart and blood vessels by 


checking your pulse and blood pressure. 
Arteries carry blood away from the heart; 
veins carry blood to the heart. 

6. Your body’s temperature can tell you 
much about your health. A fever is usually 
the first sign that something is wrong inside 
your body. 

7. The oxygen your body needs in 
order to burn its food enters the blood 
stream in the air sacs. Here the waste 
carbon dioxide is fed into the lungs so that 
you can exhale it. 

8. The skin covers and protects your 
body, helps regulate your body tempera¬ 
ture, and helps in the elimination of waste 
products. The appearance of your skin is 
often a clue to the state of your health. 

9. Tobacco, alcohol and narcotics are 
harmful to your health and well-being. 
Their use can be habit-forming. 



1. Ask your teacher to help you with 
tliis experiment. It will teach you a great 
deal about the eye. 

Procure a cow’s eye from your butcher 
shop. Using scissors, cut away the fat in 
back of the eye until you find the optic 
nerve. Can you find the muscles attached 
to the eyeball? 

Make a horizontal cut across the back 
of the eye above the optic nerve. The cov- 
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ering is tough, and you may have to punc¬ 
ture it first. Open the cut and allow the 
vitreous humor to fall into a beaker. No¬ 
tice that the lens has also come out. Turn 
the eye inside out and look for the iris. Do 
you see the adjustable curtain? 

Wash away the vitreous humor under 
the tap and remove the lens. Examine the 
lens and notice how similar it is to a piece 
of glass. 
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2. To understand the action of the 
iris, try this experiment at home. Look into 
a mirror in a fairly dim light. Notice the 
size of your pupil. Now take a flashlight 
and shine it almost directly into your eye. 
What happens to the iris and the size of 
the pupil? Don’t irritate your eyes by 
doing this too often. Do you understand 
why it takes some time for you to become 
accustomed to a dark room? 

3. A simple magnifying glass will help 
you to understand how the lens in your 
eye forms a picture. Hold up a magnify¬ 
ing glass so that light from a window will 
pass through it. On the other side hold a 
flat white piece of paper. Move the lens 
back and forth slowly until a picture of the 
window is formed. Do you notice it is up¬ 
side down? See if you can find an explana¬ 
tion for this. Notice also, that the picture 
goes “out of focus” if you move the lens 
slightly. 

4. With the help of your teacher pro¬ 
cure a Snellen or similar eye chart. Have 
members of the class test their vision under 
the leadership of a committee. Your 
teacher will show you how to set up the 
chart and take the readings. 

5. To test the effect of exercise on the 
pulse rate, try this experiment. Get a 
watch with a second hand and check your 
pulse for a full minute. Record your result. 
Now, jump or hop in place 20 times and 
check your pulse again. What is the result? 
After resting in bed about Vi hour, check 
your pulse. Compare the three readings 
and report to the class. 

6. Your skin surface and body are 
cooled by the evaporation of perspiration. 
You may learn more about how this process 
takes place by trying the following experi¬ 
ment. 


a. Obtain two laboratory thermometers 
or two ordinary thermometers which 
are alike. 

b. Wrap a dry cloth around the bulb of 
one thermometer, and make sure that 
the tubes read the same temperature. 

c. Wet the cloth around the thermometer 
bulb. 

d. Fan the wet cloth to speed up the rate 
of evaporation of the moisture. 

e. Explain why the temperature of the 
wet-bulb thermometer goes down. 

f. How is this related to the way in which 
your body regulates its own tempera¬ 
ture? 

7. Different parts of the skin are not 
equally sensitive to pressure, pain, heat, 
and cold. For example, your finger tips 
are more sensitive than the back of your 
neck. Devise an experiment to show these 
conclusions. 

8. Blindfold two pupils. See if either 
of them can taste and smell the difference 
between a slice of apple and a slice of 
pear. Next put a piece of pear in each of 
their mouths and hold a piece of apple 
under their noses at the same time. Try 
the reverse. What are the results? Have 
them hold their noses and find out if an 
onion’s taste also is dependent upon its 
smell. 

9. Diagram the areas of the tongue 
which are specialized for sensations of 
sweetness, saltiness, bitterness, and sour¬ 
ness. Prepare solutions of cane sugar, salt, 
quinine, and vinegar. Use four different 
glass rods or small brushes. Test the tip, 
the middle, the back, and the sides of the 

tongue. 

10. Report on the use of non-habit form¬ 
ing painkillers by dentists. 
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Choose the best answer: 

1. The transparent front covering of 
the eye is called the (a) cornea, (b) ocular, 
(c) aqueous humor, (d) vitreous humor. 

2. Carrying food and oxygen is the 
chief function of the (a) nervous system, 
(b) circulatory system, (c) skeleton, (d) 
skin. 

3. A technician who specializes only in 
making eyeglasses is an (a) optical center, 
(b) oculist, (c) optometrist, (d) optician. 

4. The inside back surface of the eye 
which receives light rays is called the (a) 
iris, (b) cornea, (c) retina, (d) lens. 

5. A tube connecting the throat and 
middle ear is the (a) esophagus, (b) wind¬ 
pipe, (c) Eustachian tube, (d) membrane. 

MORE QUESTIONS 

1. Is beauty more than skin deep? How 
is good appearance related to health? 

2. When ill, would you look for medi¬ 
cines which are advertised in magazines? 

3. What are the most serious ailments 
of the respiratory or breathing system? 

4. What are the common causes of loss 
of hearing and deafness? 



1. Asimov, Isaac: The Chemicals of 
Life. Abelard-Schuman, Inc., 1954. 

a. The air we breathe, pp. 65-70 

b. How glands govern the body. 

pp. 123-137 


6. The semicircular canals of the ear 
are organs of (a) touch), (b) taste, (c) hear¬ 
ing, (d) balance. 

7. Oxygen enters the blood through 
tiny cavities in the lungs called (a) dia¬ 
phragms, (b) bronchial tubes, (c) air sacs, 
(d) ribs. 

8. The substance which identifies the 
red blood corpuscles is called (a) plasma, 

(b) antibodies, (c) hemoglobin, (d) pus. 

9. Drugs which slow down the func¬ 
tions of the nervous system are called (a) 
addicts, (b) narcotics, (c) pigments, (d) 
stimulants. 

10. Which of the following is not pres¬ 
ent in the skin? (a) follicle, (b) sweat gland, 

(c) air sac, (d) pore. 


5. What occurs inside the eye in cases 
of nearsightedness? farsightedness? astig¬ 
matism? 

6. Describe the path that sound takes 
in passing from the outer ear to the 
brain. 

7. What are the effects on the body 
of tobacco? alcohol? narcotics? 


2. Haggard, Howard W. and Jellinek, 
E. M.: Alcohol Explored. Double¬ 
day & Co., Inc., 1942. 

3. Ravielli, Anthony: Wonders of the 
Human Body. Viking Press, 1954. 
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a. The brain and central nervous 
system, pp. 88-90 

b. Heart and blood stream, pp. 
104-106 

c. Lungs, pp. 107-109 

4. Rice, Thurman B., M.D., and Har- 
ger, Rolla N.: Effects of Alcoholic 
Drinks, Tobacco, Sedatives, Nar¬ 
cotics. Wheeler Publishing Co., 

1952. 

a. Alcohol as a poison, pp. 85-90 

b. Alcohol as habit forming, pp. 
91-98 

c. Reasons for not drinking, pp. 

109-116 

d. Effects of tobacco, pp. 231-237 

e. Tobacco and health, pp. 253-259 


f. Menace of drugs, pp. 266-269 

g. Cocaine and its relatives, p. 279 

5. Schneider, Herman and Nina: How 
Your Body Works. William H. 
Scott, Inc., 1949. 

6. Schneider, Leo: You aiul Your 
Senses. Harcourt, Brace & Co., 1956. 

7. Selsam, Millicent E.: Microbes at 
Work. William Morrow &: Co., Inc., 
1953. 

8. Sokoloff, Boris: Miracle Drugs, 3rd 
ed., Prentice-Hall, Inc., 1954. 

9. Steinhaus, A. H. and Gunderman, 
F. M.: Tobacco and Health. Asso¬ 
ciation Press, 1945. 
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our: 


Water and Its Uses 



problem 1 How is water used for transporta¬ 
tion? 

problem 2 What are some other uses of water? 

problem 3 How do water and other agents 

keep you clean? 



Water helps people and materials to move. The way in which 
streams, lakes, and oceans are distributed over the earth affects the 
location of cities and the movement of the products of factories and 
farms. Cleveland and Detroit are cities which have been built next to 
great lakes. This is because it is easy to use the lakes to ship raw ma¬ 
terials and finished products. St. Louis was built on the Mississippi 
River so that trade could be carried on easily. The river offered a 
cheap means of transportation. 

Primitive men, such as the Indians of North America, depended 
largely on waterways for the transportation of materials. Early explor¬ 
ers in new lands also depended on waterways as their main highways 
of travel. The explorers would row their boats along a river and make 
camp. Such camps often became the sites of future villages and cities. 
The pioneers found that it was easier to get inland by following water¬ 
ways than by going through dense forests. As civilizations developed, 

rivers, lakes, and oceans carried more freight and passengers. 

Water shipping is related to other forms of transportation. Rail¬ 
roads, trucks and busses can deliver people and freight to harbors for 



Fig,. 4-1. A sea-going 
ship on its way from the 
Pacific Ocean, about to 
pass under the San 
Francisco-Oakland Bay 
Bridge. (Courtesy U. S. 
Steel Corp.) 
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further passage over water. Such is the case with iron ore. From the 
mines of the Great Mesabi Range in Minnesota, the ore is sent by train 
to Duluth. Here it is loaded into huge lake freighters which can carry 
thousands of tons of iron ore in one trip. The ships carry the iron ore 
into regions where there is plenty of coal for operating steel mills, such 
as those in Ohio, Pennsylvania and New York State. As the boats 
return to the iron ore regions, they carry loads of coal needed to operate 
the mining machinery and to provide fuel for heating and industrial 

uses. 

More people tend to settle along the shores of bodies of water 
than in inland regions. Most of the great cities of the world are near 
large bodies of water. New York, San Francisco, London, and Tokyo 
are examples. 

Waterways have always been important in transportation. At 
least 6,000 years ago there were ships built by the Egyptians which 
could carry large quantities of goods and fifty or more passengers. There 
was much trading over rivers, inland waterways, and the Mediterranean 
Sea. All of this was done with ships that would be called small today. 
In fact, until the time when Columbus and other explorers began to 
sail the oceans, there were hardly any ships more than 100 feet long. 

In the early days, even good-sized ships were powered by oars 
or paddles. Later, ships driven by the power of the wind blowing 
against their sails came into wide use. It was 300 years after the 
time of Columbus before any important improvements were made in 
shipbuilding. Ships which used steam for power did not come into use 
until the early part of the 19th century. 

Most of the countries of the world that maintain important fleets 
of ships have built one or more huge passenger vessels. These ships 
are really floating cities. They require large crews to keep them going, 
and carry two thousand or more passengers at one time. They must 
have a well-organized food supply system. There must be enough pure 
water. There must be a sewage disposal system. There have to be 
traffic rules so that people do not injure themselves or interfere with the 
work of the crew. Often there are special playgrounds, ballrooms, 
lounges, and swimming pools for the pleasure and entertainment of the 
passengers. 

The rooms on these floating cities are clean, comfortable, and 
well equipped. They have electric lights, hot and cold running water, 
and furniture to meet all the needs of travel. Indeed, water travel today 
is not only important, but comfortable and enjoyable. 
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1: How is water use 



transportation 




Distribution of Water. 
About three quarters of the earth s surface 
is covered with water. Water exists in 
many different forms — liquid, ice, snow, 
vapor. Let us find out how water can 
change from one form to another. 

The Water Cycle. A cycle is like a 
ring. You start at one point, and if you 
keep moving you will finally come back to 
where you started. The water cycle in¬ 
volves the entire surface area of the earth. 

In order to understand the operation 
of the water cycle, it is important first to 
know something about the composition of 
water. If you were to take a tiny drop of 
water and divide it in half, each of the 
halves, of course, would be smaller than 
the original drop. If you could now divide 
one of the halves again, you would be left 
with even smaller drops. Scientists tell us 
that as this process of dividing a drop of 
water goes on and on, we are finally left 
with the tiniest particle of water that can 

HOW IS WATER USED FOR TRANSPORTATION f 


possibly exist. We call this particle a mole¬ 
cule of water. 

How small are these molecules? They 
are so tiny that even our most powerful 
electron microscopes are unable to see 
them. But scientists know that they exist. 
As you read on, you will see some of the 
reasons for this belief. 

These invisible molecules make up all 
the water on the earth. The form or state 
of the water depends upon how close these 
molecules are to each other. Molecules are 
always moving — bouncing around and 
bumping into each other. In a solid, such 
as ice, the molecules are packed very tight 
and the movement is quite slow. In a 
liquid, such as the water you drink, the par¬ 
ticles are further apart than they are in 
ice, and they are moving more rapidly. In 
a gas, such as steam, or water vapor, the 
particles are moving very fast and are very 
far apart. The room in which you are sit¬ 
ting contains billions of these water mole- 
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Fig. 4-2. In a gas, molecules (shown 
by the black dots) are far apart. In 
a liquid, they are closer together. In 
a solid, they arc packed tight. 

cules floating around in the air. This vapor 
is invisible because the particles of water 
are so small. 

Evaporation takes place when mole¬ 
cules leave the surface of water and move 
into the air. There is evaporation from all 


water surfaces such as lakes and oceans, 
ponds and puddles, rivers and streams. 
Moisture from the ground and plants is 
always evaporating. 

The tiny particles of water which are 
constantly leaving all exposed moist sur¬ 
faces make up the water vapor of the air. 
In other words, evaporation is really the 
process of changing water into water vapor. 
Evaporation takes place not only from the 
surface of water but also from snow and 
ice, from land surfaces which contain water, 
and from the bodies of plants and animals. 

You Are In the Water Cycle. Most 
of the water on the earth travels in a huge 
cycle or round trip. There are countless 
different paths one particle of water might 
take in completing a round trip from the 
surface of a stream into the air and back 
again to some other body of water. For 
example, a molecule might evaporate from 
the Arctic Ocean and be blown in the air 
above the region where you live. There 
it might join millions of other molecules, 
or condense, to form a raindrop, and fall to 
the ground as rain. Next, it might settle into 
the surface of the earth and find its way 
into a well. The particle might be pumped 
from the well and used, with others like it, 
to make a glass of lemonade which you 
could drink. Finally, this same particle of 
water, in the form of waste material, might 
find its way into a sewage system, and from 
there it may flow into a stream which emp¬ 
ties into a lake in the region where you live. 
In this way all living things are part of the 
water cycle. 

You and your classmates may be inter¬ 
ested in thinking of other possible path¬ 
ways for the water cycle. For example, a 
molecule of water might fall as part of a 
rainstorm in an Arctic region and be frozen 
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A variety of vegetables will supply a balanced diet, including necessary 
vitamins. Cycle 2, Prob. 1 and 2. (Courtesy Durkee Foods.) 



Water has many uses y including recreation . Cycle 4, Prob. 1 and 2. (Courtesy 
Steelvvays Magazine.) 
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into a glacier. This slow-moving glacier 
might take a thousand years to travel to the 
ocean. The particle of water might then 
break off from the glacier as part of an ice¬ 
berg, which could float for hundreds of 
miles. Sooner or later this molecule of 
water would become part of the ocean. 
From there it might evaporate again and 
start a new and different path. The second 
path could lead this particle of water into 
a swampy region where it might enter a 
growing green plant. If this were a region 
where coal were forming, the molecule 
could be locked up in a bed of coal for 
millions of years. If the coal were dug and 
burned, the water particle might again go 
into the air as vapor. 

Water Vapor on the Move. The 
amount of water that evaporates into vapor 
depends on a number of different things. 
Of course, water surfaces such as oceans, 
lakes, and rivers produce more water vapor 
than do equal areas of land. The rate at 


which evaporation takes place from various 
surfaces depends in part on how much 
water vapor is already in the air. The 
greater the amount present in the air, the 
slower the rate of evaporation. This is be¬ 
cause molecules which are jumping from 
the water surface will collide with those 
already in the air and bounce back into 
the liquid state. 

Also, the larger the surface area of the 
water, the faster is the rate of evaporation. 
More water will evaporate from a lake 
with ten square miles of surface than from 
one with only five square miles of surface. 

The temperature of water also affects 
the rate of evaporation. The warmer the 
water surface, the faster the evaporation. 
Water will evaporate much faster in warm 
than in cold regions. Heat speeds up the 
action of the molecules. As the tempera¬ 
ture rises, the molecules move faster. More 
of them are able to leave the water’s surface 
to go into the air. 


Fig. 4-3. Can you point out water as a solid, as a liquid, and as a vapor in this 
picture? (Courtesy U. S. Coast Guard.) 




Wind Makes Water Vapor. The 
strength of the wind affects the rate at 
which water vapor goes into the air. The 
stronger the wind, the more rapid the evap¬ 
oration. In still air, the space just above 
the water surface becomes full of water 
vapor which cannot move away rapidly. 
This slows down evaporation because the 
molecules collide. When the wind blows, 
water vapor is carried away so that new air 
comes over the surface of the liquid. This 
new air is usually drier than still air stand¬ 
ing over water. Thus the wind speeds up 
evaporation. 

Tons of Water in the Air. The 
amount of water vapor in the air is different 
at various points over the earth. It does not 
stay the same in any one place for very 
long. It is believed that all of the air above 
the entire surface of the earth holds enough 
water to make a layer of water two or three 
inches deep over the earths surface. A 
room about the size of a science classroom 
may contain as much as twenty pounds, or 
about ten quarts, of water in the air. 

All of this indicates that there are 
many millions of tons of water vapor in the 


air above the surface of the earth. It is al¬ 
ways on the move, being pushed about by 
winds and air currents. In this way evapo¬ 
ration which takes place over a lake, ocean, 
or stream may help to moisten the air thou¬ 
sands of miles away. 

Water Vapor in the Air Helps You. 
You could not live without the water vapor 
in the air. No plant or animal life could 
exist without water vapor. It furnishes the 
rain and snow, and all the water upon 

which life depends. 

Water which evaporates falls back to 
the earth in the form of rain, snow, sleet or 
hail. Almost every part of the earth’s sur¬ 
face has at least some rainfall each year. 
In the United States alone, it has been esti¬ 
mated that an average of seven trillion tons 
of water falls as rain each year. This huge 
amount of water supports plant and animal 
life. Plants take water directly from the 
soil in which they live. Land animals take 
water into their bodies from open streams, 
ponds, and lakes. For man and domestic 
animals, water is usually supplied from 
wells in the earth’s surface or city reser¬ 
voirs filled from wells, lakes, or streams. 



Fig. 4-4. The water 
cycle. Liquid water 
changes to water vapor 
(evaporates). In the 
clouds this water vapor 
usually condenses to 
form rain or snow, thus 
returning the water to 
the earth. 


Fig. 4-5. Above: With 
plenty of rain in this re¬ 
gion, the soil can soak in 
water. The water table 
is high, the lake is filled, 
and there is water in the 
well. Trees and crops 
grow well because their 
roots can reach water. 
Below: In a dry season 
the same region can 
have a low water table. 
The lake and well are 
dry. Trees and crops 
suffer because their roots 
cannot reach water. 



WELL 



The Water Table. Water that falls 
on the land divides in at least three ways. 
Some of it runs off over the surface and 
down into small streams and rivers. Some 
evaporates as soon as it falls. Some enters 
the ground and soaks down into the soil 
until it reaches a layer of solid rock. Now 
the water can go no further, and so it starts 
to pile up. The upper level of this under¬ 
ground water is called the water table. If 
more water enters the soil, the water table 
tends to rise slightly. However, if the soil 
above the water table dries out, the level 
of the water table is slightly lowered. Usu¬ 
ally the water table tends to stay at the 
same height. This is because the losses are 
replaced by gains of new water from rain¬ 
fall. 

When the water table is high, or near 
the surface of the earth, the land is rich 
and fertile. Grasses, crops, and trees find 
their water easily and grow abundantly. 
When the water table is very deep in the 
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ground, the land above it is dry and barren. 
In the desert, the water table is very deep, 
but sometimes comes near the surface at 
an oasis. An oasis is a fertile place in the 
desert where water is easily available for 
plants and animals. 

You Drink from the Water Table. 
When a valley or slope cuts the earth down 
to the water table, a spring may flow. A 
spring is a seepage of underground water 
in enough quantity to make a current flow. 
In time of drought, or lack of rain, springs 
may go dry. This is true because the water 
table sinks to a lower level when it is not 
supplied with rainfall. 

If a well is dug deep enough into the 
earth, water may seep in from the sides. 
If you look down into such a well, you can 
see the level of the water table. It is pos¬ 
sible to pump all the water from the well, 
but it soon fills back to the same level. 
There are several million wells in the 
United States. 
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Fig. 4-6. An artesian well 
gets its water from an 
underground layer, usu¬ 
ally trapped between 
layers of rock. Artesian 
wells are deeper than 
ordinary wells. The 
water from an artesian 
well is usually purer 
than water from an ordi¬ 
nary well. Why? 


Sometimes water seeping into the 
earth will be trapped between two layers 
of solid rock. If a well is drilled through 
the upper layer, water will spurt up 
through the opening. See Fig. 4-6. This 
kind of a well is called an artesian well. 
Notice that the water does not have to be 
pumped up. 

WATER ON THE SURFACE 
OE THE EARTH 

In reading about the water cycle you 
learned about the vast quantities of water 
in the air and then about the underground 
water. How about the water which is found 
on the surface of the earth? This would in¬ 
clude the water in our oceans, lakes, rivers 
and streams. Ocean water covers about 
three-fourths of the surface of the earth. 
Look at a globe and you will see that all 
of the oceans are connected. They could 
be thought of as one great sea, although 
different names are given to the separate 
parts. 

How Deep Are the Oceans? The 
average depth of the oceans is about two 
and one-half miles. The greatest depth 
which has been measured, in a spot near 
the Philippine Islands, is about seven miles. 


The world’s tallest mountain, Mt. Everest, 
would sink a mile below the surface if it 
could be placed in the sea at this point. 
The Pacific Ocean is generally deeper than 
any Of the others. The depth of the oceans 
is measured by soundings. In the past, 
soundings were made by lowering a heavy 
metal weight attached to a fine steel wire, 
which was measured as it was lowered. 


Fig. 4-7. A sound signal is sent to the 
ocean bottom and is reflected back. 
The speed of sound in water is about 
4,800 feet per second. By carefully 
measuring the time , it is easy to figure 
out the depth of the ocean at this place. 
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Fig. 4-8. Ocean currents around the world. 


Today ocean depths may be measured more 
rapidly by sending sound signals to the 
ocean bottom. The speed of these sound 
signals is known. The depth of any parti¬ 
cular spot is estimated by measuring the 
time it takes for the signal to go down to 
the bottom and return to a measuring in¬ 
strument on the surface. 

The Ocean’s Waters Move. Wind 
and temperature are the most important 
causes of ocean currents. There are two 
general types of ocean currents, warm and 
cold. Ocean currents which flow from 
warm seas will be warm. Those which 
come from arctic regions will be cold. Near 
the equator the sun and warm winds warm 
the ocean waters beneath them. The warm 
winds blow toward the north, pushing the 
warmer water with them. One famous 
warm current is called the Gulf Stream. 

HOW IS WATER USED FOR TRANSPORTATION f 


It flows from the Gulf of Mexico, passes 
between Florida and Cuba, and travels 
northward along the Atlantic Coast. It then 
turns and flows northeastward toward 
England. As it moves north, the water 
warms the air above it. This warm air af¬ 
fects the temperature of coastal cities such 
as New York and Atlantic City. It also 
accounts for the climate of England, which 
is mild in spite of its high northern latitude. 

The Labrador Current is a cold cur¬ 
rent and is formed near the coasts of Green¬ 
land. It flows southward toward the New 
England Coast. Many times it brings ice¬ 
bergs down from the north into the North 
Atlantic shipping lanes. It cools the air 
above it and thus brings New England 
many of its winter storms and cool sum¬ 
mers. 

Rivers and streams may raise the level 
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of the sea where they enter the ocean. 
Winds often pile up the water along the 
shores against which they blow. Heavy 
rains on one section of the sea may raise the 
level for a time. Evaporation is greater at 
some points than at others. Thus the level 
may be lowered for a time in one region. 

All these factors that change the level 
of the surface of the sea cause movement 
of its waters. Such movements are usually 
quite slow, but if winds pile up huge quan¬ 
tities of water, the effects may be disas¬ 
trous. In Galveston, Texas, in 1900, such 
a movement of water caused most of the 
city to be covered with several feet of water 
and drowned many hundreds of people. 

Earthquakes on the ocean bottom can 
cause sudden huge currents. Erupting 
volcanoes beneath the sea have the same 
effect. Huge landslides along the coasts 
may cause violent movements of ocean 
water. For example, a gigantic current 
struck the Hawaiian Islands in 1946. It 
was the result of an underwater landslide 
in the Aleutian Islands, thousands of miles 
away. 


Lakes Sprinkle the Earth. A lake is 
a body of water surrounded by land. Lakes 
vary in size from a few hundred feet in 
length and width, to hundreds of miles, as 
in the Great Lakes of the United States. 
Most bodies of water that are known as 
lakes contain fresh water. Others, such as 
the Great Salt Lake in Utah and the Cas¬ 
pian Sea in Asia, contain large quantities 
of salt and other mineral matter. 

Lakes develop in many different ways. 
A beaver may build a dam across a small 
stream in order to make a home for him¬ 
self. Such dams form small lakes. If top¬ 
soil and other deposits settle around a 
beaver’s dam, it may become permanent 
and the lake may remain for a long period 
of time. 

Most of the lakes on the earth are 
formed by natural causes within the earth 
or on its surface. A lake may be the crater 
of an extinct volcano; an example is Crater 
Lake in Oregon, in the northwest part of 
the United States. More lakes have been 
formed by glaciers than in any other way. 
Glaciers are huge, slow-moving bodies of 



Fig. 4-9. Lakes usually contain 
fresh water. (Cotirtesy Soil Con¬ 
servation Service, U.S.D.A.) 



ice which may cover the earth for hun¬ 
dreds of miles. In the United States, Min¬ 
nesota alone has over 10,000 lakes formed 
by glaciers thousands of years ago. 

Lakes made by glaciers range in size 
from small ponds to bodies of water as 
large as the Great Lakes. As the great 
masses of ice moved along the surface of 
the earth, they dug huge valleys and de¬ 
posited materials to act as dams. Later 
these valleys were filled in with water from 
melting ice to form lakes. 

Most of the lakes of the earth are shal¬ 
low. The greatest depth of Lake Superior, 
which is the deepest of the Great Lakes, is 
about 1,300 feet. The greatest depth of 
Lake Erie is only about 200 feet. Lakes are 
fed by rivers, streams, or underground 
springs. Most lakes have outlets as well as 
inlet streams. Some, however, have no out¬ 
lets and keep their level only by evapora¬ 
tion from the surface. 

Lakes May Be Salty. If a lake has no 
outlet, it eventually develops a high amount 
of mineral content such as salt. Good ex¬ 
amples are the Caspian Sea and the Great 


Salt Lake. In the Great Salt Lake, there 
are hundreds of millions of tons of salt 
which has been left behind as the water 
evaporated. The water is so heavy with salt 
that people who swim in it cannot sink. 
When bathers come from the water, salt 
covers their bodies as the water evapo¬ 
rates. Gradually the shores of this lake are 
filling in with salt. The lake is much smaller 
now than it was 50 years ago. Some day 
it will disappear completely, leaving only 
salt deposits where there was once a great 
lake. 

River Water. Rivers and streams also 
carry a large part of the earth’s water. Usu¬ 
ally, a river has its beginning far up on a 
hill or mountain. Rainwater or melting 
snow most often provides the water. As 
the water runs downhill, it cuts little valleys 
which form small streams. Soon these 
streams meet, their waters joining to form 
rivers. The rivers, of course, are wider 
and deeper than the streams which feed 
them. 

As rivers continue to flow, they may 
cut deeply into the soil. Sometimes, tre- 


Fig. 4-10. Rivers are also a source 
of recreation. (Courtesy Soil 
Conservation Service, U.S.D.A.) 































Fig. 4-11. Iron ore is transported on the Great Lakes on huge ships built to carry 
thousands of tons of ore. (Courtesy Republic Steel Corp.) 


mendous canyons are formed as the river s 
water wears away the underlying rock and 
carries it off. The Grand Canyon of the 
Colorado is an outstanding example of 
how rivers may change the surface of the 
earth. 

Rivers are often a source of beauty and 
of recreation to those who enjoy boating 
and fishing. Their greatest importance, 
however, is in industry and commerce. 
Rivers provide a source of power for count¬ 
less manufacturing processes, and they also 
serve among the world’s important routes 
of travel. 


WATER ROUTES 

Many of the large rivers of the United 
States and other countries have long served 
as water highways. It is possible to travel 
for hundreds of miles along rivers. The 
Hudson River, for example, can be trav¬ 
eled from New York City to Albany by 
boat. A person can travel the Mississippi 


River by boat from Wisconsin to the Gulf 
of Mexico. Freight may be hauled in ships 
or barges up and down rivers at low cost. 
Coal, oil, and grain are often moved by 
means of river barges in the United States 
today. Many other kinds of freight are also 
transported in this way. Logs are often 
floated downstream many miles from tim- 
berland to sawmills. 

The most important water routes in 
the United States, however, are not the 
rivers. The Great Lakes are by far the 
most essential inland waterways of North 
America. 

Lakes May Be Highways. The five 
Great Lakes — Lake Superior, Lake Michi¬ 
gan, Lake Huron, Lake Erie, and Lake 
Ontario — are larger than any other group 
of fresh-water bodies in the world. The 
transportation advantages of these water¬ 
ways have made the surrounding territory 
one of the greatest industrial areas in the 
United States. 

The Great Lakes connect major indus¬ 
trial and farming regions of the United 
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States. The exchange of products between 
these regions is made easier by hauling 
materials over the lakes. 

Iron ore, for example, is shipped from 
Duluth, Minnesota and Superior, Wiscon¬ 
sin, to the steel mills of Indiana, Ohio, and 
Pennsylvania. The wheat crops of Canada 
and the northern United States can be 
shipped to milling centers in the east. Coal 
is transported from Pennsylvania to Chi¬ 
cago and other industrial cities. 

Lumber and many lumber products 
are shipped on the lakes. Oil and gasoline 
are moved by fleets of oil tankers. Huge 
quantities of gasoline are shipped from re¬ 
fineries at one port to other cities along the 
shores of the lakes. 

The Lake Pilot Must Know the 
Channels. Canals had to be built at two 
points in the chain of Great Lakes before 
it was possible for ships to travel the length 
of the entire chain. (A canal is a narrow 
watercourse built by man to connect two 
bodies of water.) One of these points was 
in the St. Mary’s River between Lake 
Huron and Lake Superior. Here the “Soo” 
Canals are located. The Welland Ship 
Canal was constructed near Niagara Falls 
between Lake Erie and Lake Ontario. You 
will find both of these points marked on 
the map of the Great Lakes in Fig. 4-12. 

The Detroit River flows between Lake 
Erie and Lake Huron. Lake St. Clair is a 
part of the Detroit River. A channel has 
been deepened through this river and lake 
so that the largest ships may pass safely. 
You can find Lake St. Clair and the Detroit 
River on the map in Fig. 4-12. All of these 
man-made channels are twenty feet deep 
or more. Since the channels are narrow, 
pilots who guide the ships must be able 
to stay in the channels to avoid running 
aground. 


The St. Lawrence Waterway. After 
more than 20 years of investigation and dis¬ 
cussion, an agreement was finally approved 
in 1954 that will enable the largest ocean¬ 
going vessels to enter the Great Lakes. The 
Great Lakes empty into the sea through the 
tremendous St. Lawrence River. However, 
parts of the river are not deep enough to 
allow the largest ships through. Rapids at 
certain points also make the river impass¬ 
able. 

The governments of the United States 
and Canada have undertaken to deepen 
the river where necessary, and to improve 
the canals around the rapids. The construc¬ 
tion of this St. Lawrence Waterway will 
make seaports of many United States cities. 
Buffalo, Cleveland, Detroit, Duluth, Chi¬ 
cago, and many others will be able to ship 
and receive goods directly to and from 
European ports on the Atlantic. 

Immense water power plants will also 
be constructed as part of this project. This 
will provide electricity to millions of people 
in Canada and New York State. 

Traveling Ocean Roads. If you have 
taken an ocean journey, perhaps the surface 



Fig. 4-12. The Great Lake ports in the 
United States and Canada will have 
an outlet to the Atlantic Ocean when 
the deep-water St. Lawrence River 
Seaway is completed around 1959. 
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Fig. 4-13. A ship going 
through the Panama Canal 
from the Atlantic to the 
Pacific Ocean actually trav¬ 
els in a southeasterly direc¬ 
tion rather than from east 
to west. 


Fig. 4-13a. Ocean freighters 
are the cheapest means of 
transporting bulky or heavy 
cargo. (Courtesy U. S. D. 
A.) 
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of the ocean seemed to be just a vast ex¬ 
panse of water. However, there are “roads 
on the sea,” generally known as ocean lanes. 
In any one of the main ocean lanes no ship 
is ever very far from the path of other 
ships using the same route. 

Many of the shipping lanes are only 
a few miles wide. Because of this, ships 
often meet or pass other ships going in the 
opposite direction. Thus, a craft sailing 
toward Europe may pass another sailing 
toward America. During times of heavy 
fog, ships sound their fog horns to warn 
others of their presence on the shipping 
lane. 

Although airplanes can fly across the 
oceans in a few hours, they will probably 
never replace ships entirely. This is because 
ships are able to carry much more freight. 
Even though ships often follow long routes 
and are rather slow, they still offer the 
cheapest means of transportation. 

Canals Make the World Smaller. 
The traffic lanes of the Pacific and Atlantic 


Oceans are joined by the Panama Canal 
This man-made waterway has an interest¬ 
ing history which is especially important 
to a student of science. The canal was first 
started by the French, who were forced 
to give up the construction mainly because 
of disease among the workers. The story 
of how the United States, under Col. G. W. 
Goethals, eliminated malaria and yellow 
fever, is an outstanding example of how 
the scientific method was put to use. The 
canal was finally finished in 1914, although 
work was first started by the French in 
1881. The canal is over 40 miles long and 
shortens the ocean distance from New York 
to San Francisco by approximately 8,000 
miles. 

Another canal which shortens the 
water transportation routes of the world 
is the Suez Canal. Finished in 1869, it is 
more than 100 miles long and connects the 
Mediterranean and Red Seas. This pro¬ 
vides a route for the countries of Europe 
to India, Japan, and Australia. 
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It was a hot day in August in 1946. An elderly man, living in the 
Washington Heights section of upper New York City, was admitted 
to the Presbyterian Hospital with violent pains, a high fever and other 
symptoms. Within a few hours, a woman and a ten year old boy were 
taken to the same hospital with similar complaints. The diagnosis in 

all three cases was the same—dreaded typhoid fever. 

Typhoid is a rare disease in a modern city. Three cases in the 
same area in one day was considered an epidemic. A report was made 
to the Department of Health and, within an hour, a team of specialists 

_doctors, nurses, food inspectors, and sanitation experts were sent 

to the area to begin a search. 

The health “detectives” knew that typhoid germs were spread 
by food or water. The victims were interviewed. Their habits were 
discussed. Their homes were inspected. The search went on. Mean¬ 
while, several more cases were reported. 

For a few weeks the inspections continued and the facts were 
examined. Finally, it was discovered that each of the patients had 
eaten fruit from a particular store in the neighborhood. The fruit store 
was inspected and the source of infection was discovered. A 
in the apartment above the store had sprung a leak. This api 
was occupied by a person who had recovered from typhoid but 
carried the germs. Water from the leaky pipe had seeped ’ 
the ceiling and dripped on the fruit bins, covering the conf 
typhoid bacteria. Medical attention for the typhoid carrier and 
ing attention for the leaking pipe soon stopped this “epidemil 
When you open a water faticet in your home, you 
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It has been estimated that 
each person in this country uses about 40 
gallons of water each day. Not all of this 
water is used directly. Water is used for 
fire fighting, for cleaning, for sewage sys¬ 
tems, for heating systems, for irrigating 
farms, and for making electricity. Let us 
find out more about this plentiful and very 
useful liquid. 


DO YOU KNOW WHAT 
WATER IS MADE OF? 

Did you know that water is a combi¬ 
nation of two gases? The two gases are 
hydrogen and oxygen. Hydrogen is a very 
light gas which may be used to inflate bal¬ 
loons. Oxygen makes up about one fifth 
of the air. It takes about ten cubic feet 
of oxygen gas and twenty cubic feet of hy¬ 
drogen gas to produce one pound of water. 

Perhaps you have heard water referred 
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some other uses 


to as H two O. The scientist writes this 
H 2 0, and it is another way of saying that 
water contains 2 units of hydrogen (H) to 
one unit of oxygen (O). 

With the help of electricity, water can 
be separated into these gases. You probably 
have a piece of equipment in your school 
similar to that shown in Fig. 4-14. The ap¬ 
paratus is filled with water, to which a few 
drops of sulfuric acid have been added. 
The purpose of the acid is to allow the 
electric current to pass through the water. 

When the current is turned on, bub¬ 
bles of gas start to rise in each tube and 
collect above the water. The gas bubbles 
push out the water in each tube. As more 
gas forms, more water is pushed out. One 
tube collects the hydrogen; the other col¬ 
lects oxygen. Soon you can see that the 
amount of hydrogen which has formed is 
twice that of the oxygen. For every cubic 
inch of oxygen that forms, two cubic inches 
of hydrogen are produced. 
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Fig. 4-14. Water can be broken doicn into hydrogen and oxygen by means of an 
electric current. 


If a flame is brought up to the test tube 
of hydrogen, there is a slight explosion. 
This is one of the tests for hydrogen gas. 
The oxygen may be tested by thrusting a 
piece of wood which is just glowing into the 
gas. The glow turns into a bright flame. 

Most Water Is Not Pure. Water 
which falls as rain washes dust particles 
and other materials from the air. Rainwater 
is, therefore, impure before it reaches the 
ground. As soon as it does reach the earth, 
it comes in contact with roofs, sidewalks, 
open forests and fields, and hundreds of 
other surfaces where impurities and min¬ 
erals are absorbed. City water which is 
supplied from deep wells or lakes or 
streams always contains minerals. Such 
water, even though it contains a small 
amount of mineral matter, is pure enough 
to drink. 

What Is Sea Water Made Of? Most 
of the water of the earth outside of the 
oceans is known as fresh water. Sea water 
is different from fresh water because of the 


large amount of salt contained in it. Besides 
common salt, the water of the sea contains 
many other materials. One hundred pounds 
of sea water contains about three and one- 
half pounds of mineral matter. Most of this 
mineral matter is common salt. Other ma¬ 
terials present are less common salts such 
as magnesium bromide. Sizable amounts 
of precious metals such as gold are also 
present in sea water. However, up to this 
time, it has not been profitable to try to 
separate the precious metals from the 
water. 

A cubic mile of water is an amount 
of water one mile high, one mile wide, and 
one mile across. The mineral matter in one 
cubic mile of sea water weighs more than 
one hundred and fifty million tons. This 
explains why sea water is heavier than fresh 
water. If all the mineral matter in the 
oceans were to be removed, this mineral 
matter would be equal to more than one- 
fifth of the entire amount of land which 
is above sea level. 
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From the magnesium bromide found 
in sea water, the metal magnesium and 
the useful liquid bromine are extracted. 
Magnesium is a metal which is light in 
weight and yet strong. This makes it an 
ideal material for use in aircraft and in 
certain furniture where strong, lightweight 
materials are essential. There are many 
other important uses of magnesium. Since 
it gives off a bright, dazzling light when 
it bums, it is used in photographic flash 
bulbs. These are used to furnish brilliant 
flashes of light for taking pictures indoors. 


Bromine is a substance that can be 
combined with silver to form a salt known 
as silver bromide. Silver bromide will 
darken on being exposed to light, and for 
that reason it is used to coat photographic 
film. Bromine is also used in the manufac¬ 
ture of drugs to relieve headaches and to 
quiet the nerves. Plants have been built 
at points on the seashore to extract mag¬ 
nesium and bromine from sea water. The 
process is one in which millions of gallons 
of sea water are pumped daily into these 
extracting plants along the shore. Other 



Fig. 4-15. A ton of sea water can provide many valuable minerals. 
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151 




materials taken from sea water, and their 
uses, will be described later in this book. 

Water Solutions. When you place 
some sugar in water the sugar is said to go 
into solution. The sugar is called a solute 
and the water is called a solvent. There 
are many types of solutions. In addition to 
water there are other solvents such as alco¬ 
hol, gasoline and benzine. There are thou¬ 
sands of solutes which can go into solution 
or be dissolved by some solvent. 

Why is water called the universal sol¬ 
vent? The great majority of substances are 
at least partly dissolved when they come 
in contact with water. A fact, hard for 
us to believe, is that water in a drinking 
glass actually dissolves a very tiny part of 
the glass. There is scarcely anything that 
does not dissolve in water, at least to a 
very slight degree. 

Place a lump of sugar in a glass of 
water and you can see it get smaller in 
size as the sugar dissolves in the water. 
Sugar dissolves easily. Other substances, 
such as salt, dissolve less rapidly. Sand 
hardly dissolves at all. 


A striking experiment may be per¬ 
formed using water as the solvent and a 
brightly colored solute such as potassium 
permanganate crystals. This solute is a 
red-purple compound. As it dissolves, it 
gives the water its color. A few small crys¬ 
tals of potassium permanganate in a piece 
of cheesecloth may be suspended in some 
water in a beaker or a glass jar. Streams of 
the red-purple material flow outward 
through the water. Finally the water solu¬ 
tion is colored purple-red by the solute. 

What Are Some of the Effects of 
Temperature on Solutions? Most solids 
dissolve more easily and better in hot water 
than in cold. Thus sugar will dissolve faster 
in hot tea than in cold tea. On the other 
hand, gases dissolve better in cold water 
than in hot water. If you want to get a 
maximum amount of carbon dioxide gas 
into water in order to make soda water or 
soda “pop,” you should keep the water 
cold. As soda “pop” warms up, it gives up 
its carbon dioxide gas quickly. Do you see 
why a warm bottle of soda gushes up the 
moment it is opened? 



Fig. 4-16. Water can dissolve many substances such as sugar and minerals to 
form solutions. Most solids dissolve more easily when you mix or stir thoroughly, 
or if the water is heated. 
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Fig. 4-17. Have you ever 
tried to grow sugar crys¬ 
tals from a saturated so¬ 
lution of sugar in water? 
Use a cup of sugar to 
about a half cup of boil¬ 
ing water. Let stand for 
a few days. 



Different Kinds of Solutions. It is 
possible to vary the quantity of the solute 
in the solvent from a very small amount to 
all the solvent can dissolve. If the amount 
of the solute is small, the solution is called 
dilute. Any solution containing a large 
amount of solute in the solvent is known 
as a concentrated solution. Vinegar has a 
very strong taste and yet it is a dilute solu¬ 
tion. It is about a 4 per cent solution of 
acetic acid in water. A 4 per cent solution 
contains 4 parts of acetic acid mixed with 
96 parts of water, making 100 parts in all. 

A saturated solution may be produced 
by adding the solute to a solvent until it 
will hold no more. Ajiy more added sinks 
to the bottom. Sugar may be added to 
water until it will not dissolve any more; 
the sugar begins to settle as a layer on the 
bottom of the vessel. The liquid above this 
layer is called a saturated solution of sugar 
in water. If the solution is heated, more of 
the sugar can dissolve. As a hot solution 
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cools, the excess solute drops out of the so¬ 
lution to settle to the bottom of the con¬ 
tainer. Crystals of the solute can be made 
in this way. Crystals of a substance have 
a definite shape. 

Is Water the Only Solvent? Water 
is not the only solvent. Another common 
solvent is alcohol. A solution in alcohol is 
spoken of as a tincture. Tincture of iodine 
is a solution of iodine in alcohol. It so hap¬ 
pens that alcohol is a better solvent for 
iodine and some other substances than 
water is. The green chlorophyll in a leaf 
is soluble in alcohol but not in water. Other 
commonly used solvents are ether, carbon 
tetrachloride, and benzine. 

At high temperatures metals become 
liquids, and can dissolve other hot metals. 
When such a solution cools, an alloy is 
formed, composed of two or more metals. 
Copper-tin mixtures thus formed are known 
as bronze, copper-zinc as brass, lead-tin as 
solder, and silver-copper as silver coin. 
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Fig. 4-18. Divers must wear 
special equipment because of 
the great pressure of water on 
their bodies. (Official U. S. Navy 
photograph.) 



WATER PRESSURE 

Water has weight and takes up space. 
It is for these reasons that water can exert 
pressure on things. Pressure is a push ex¬ 
erted on something which causes it to move 
or change its shape. Thus, if you blow on 
a few scraps of paper you force them to 
move a short distance to a place where 
the pressure is not as great. Your breath 
has exerted a pressure on the papers. Water 
from a garden hose can often exert enough 
pressure to break the stems of plants. Pres¬ 
sure on a piece of clay will change its shape. 
Can you mention other common examples 
of pressure? 

A swimmer often feels water pressure 
when he dives deep into water. This is 
true because the large volumes of water 
above him have great weight. One cubic 
foot of water weighs approximately 62.4 
pounds. Your home refrigerator may have 
a volume of about 8 cubic feet. If you 
filled this with water the water would 
weigh about 500 pounds. Thus you can see 


that a person swimming underwater has a 
great water pressure pushing on him. You 
may have noticed this on your eardrums 
if you have ever gone underwater. If you 
were to swim down to depths much beyond 
60 feet, the water pressure would crush 
your body. Deep sea divers must wear 
pressurized outfits to keep their bodies 
under normal pressures. 

Putting Water Pressure to Work. 
Water that is running rapidly downstream 
or dropping straight down over a water¬ 
fall possesses a great deal of energy. This 
energy can be used very effectively to work 
for man. 

Before the development of electricity, 
running water was used mainly to supply 
the power to operate sawmills and grain 
mills. The energy of the moving water was 
transformed into work by means of a 
water wheel. 

If the water was coming over a fall, 
an overshot water wheel was commonly 
used. This is a wheel which has cup-shaped 
buckets attached around its rim. See Fig. 
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4-19. As the water fills the buckets, the 
wheel becomes heavier on one side and 
starts to turn. At the bottom the buckets 
empty automatically and the wheel con¬ 
tinues to move. Buckets are always being 
filled while others are emptying as the 
wheel turns. Because the full buckets are 
heavier than the empty ones, the wheel is 
forced around. 

If there is swiftly running water in¬ 
stead of a waterfall, an undershot wheel 
can be used. This is similar to an overshot 
wheel except that flat blades are mounted 
on the rim instead of buckets. The fast¬ 
running stream pushes against these blades 
and forces the wheel to move. 

None of these old-fashioned wheels is 
able to deliver enough power or speed to 
operate modem machinery. Many of them 
have been replaced by the Pelton wheel 
or by the turbine. The Pelton wheel is 
made of steel and is similar in construc¬ 
tion to the undershot wheel. Water under 
high pressure is forced through a nozzle 
against the lower blades of the wheel. This 
causes the wheel to rotate rapidly. 



Fig. 4-19. An overshot water wheel. 


Today water pressure from natural 
waterfalls or dams is put to better use with 
turbines. Huge pipes called penstocks di¬ 
rect water downward against blades of the 
turbine wheels. These rapidly rotating tur¬ 
bine wheels are connected by long shafts 
to electric generators. See Fig. 4-20. In the 
generators, there are coils of wire that are 
rotated between enormous magnets. This 
produces an electric current. 


Fig. 4-20. Running water can turn turbines that can generate electricity. 
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Fig. 4-21. The mighty Grand Coulee Dam on the Columbia River in the State 
of Washington is the most massive man-made masonry structure in the world. 
One-half million gallons of water per second plunge 350 feet over its 1650-foot- 
long spillway. (Courtesy U. S. Dept, of Interior.) 


Water turbines are very efficient and 
can deliver enormous amounts of electric 
power. The electricity generated at natural 
waterfalls such as Niagara Falls can sup¬ 
ply the needs of millions of people hun¬ 
dreds of miles away. 

In many parts of the United States 
and other countries, dams have been built 
in rivers. Dams serve to back up water to 
a level which may be several hundred feet 
higher above the dam than it is below. 
A dam is really a bank or a wall which 
is placed across a canyon or some other 
type of watercourse. The dam serves to 
stop and hold back the flowing water. 
When a dam is built, water begins to pile 


up against it. Some arrangement must be 
made for water to overflow the dam or 
bypass it after it reaches a certain level 
on the upstream side. Water gates or other 
controls may regulate the amount of water 
held and the amount released. 

Waterpower from dams is used in ex¬ 
actly the same way as that from natural 
waterfalls. The penstocks direct the water 
downward against turbine wheels which 
are connected by long shafts to machines 
that produce electricity. Electrical power 
from large dams such as Hoover Dam and 
Grand Coulee is used over areas extending 
for hundreds of miles from the sites of 
the dams. 
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Steam Turbines. You have seen how- 
running water is a good servant of man in 
the production of electricity. Not only is 
water in the liquid state used for this pur¬ 
pose, it is also used in power plants in the 
form of steam. 

Perhaps you have seen your mother 
allow the steam from a pressure cooker to 
escape rapidly before removing the cover. 
Did you notice the great force with which 
the steam comes out? In the steam turbine, 
water is heated, usually by burning coal, 
until steam accumulates under great pres¬ 
sure. This steam is allowed to pass through 
small nozzles. The expanding hot gas rushes 
out at high speed and strikes against blades 
or fins mounted on a wheel. 


Engineers design these blades very 
carefully. Several wheels are usually used. 
As the steam passes through the blades of 
the first wheel, it hits a second and then a 
third. These turbines are very powerful 
and efficient. Steam turbines are used 
mainly to generate electric power. 


HOW' CITIES GET A 
SAFE SUPPLY OE WATER 

Although most of the water consumed 
each day is used for washing and in indus¬ 
try, the small portion we use for cooking 
and drinking is also very important. It is 
for this reason that our water must be pure 


Fig. 4-22. A steam turbine being assembled. 
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Fig. 4-23. T/iis map shows how Los Angeles gets its water from distant places. 
The electric power line running from the Hoover Dam is also shown because 
running water there generates electricity for Los Angeles. (Courtesy Department 
of Water and Power, City of Los Angeles.) 


and safe. Many millions of dollars are 
spent each year in obtaining safe water 
supplies so that we can drink this most 
important liquid without fear of disease. 

Many cities in the United States which 
are not near large bodies of fresh water 
must have water sent in from sources many 
miles distant. Examples are the cities of 
New York, Los Angeles, and St. Petersburg. 

New York has several large reservoirs 
which store the water brought down from 
mountain streams as far as 100 miles away. 
The water is sent from the reservoirs to the 


cities in huge pipe lines called aqueducts. 
The main New York City aqueduct carries 
water from the Catskill Mountains. 

Los Angeles gets its water from reser¬ 
voirs along the Colorado River and from 
the Owens River system hundreds of miles 
away. Engineers had to build aqueducts as 
long as 250 miles over the Sierra Nevada 
Mountains. See Fig. 4-23. 

St. Petersburg and Tampa, Florida, 
receive their water supply from fresh water 
springs 50 miles to the north. Why don’t 
seacoast cities use the nearby sea water? 
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Chicago, Cleveland, and Detroit are a 
few of the cities that secure their water 
from the Great Lakes. Large intake plants 
are built about 5 miles out in the lakes, 
where the water is somewhat cleaner. They 
are connected with the land by large pipes 
which carry the water to pumping stations 
where it is purified. 

Impure water can cause diseases such 
as typhoid fever, cholera and dysentery. 
That is why many cities go to great expense 
to get water from mountain areas where 
the water is fairly pure to start with. Dis¬ 
ease germs from sewage and waste mate¬ 
rials from factories can make water unfit 
for drinking, washing, and cooking. 

Getting Rid of Suspended Materials. 
When water is muddy or has particles in it 
that make it unclear, these particles in it 
are said to be suspended in the water. Such 
materials are removed by settling and by 
filtration. 

In Fig. 4-24, you will see the results of 
an experiment that you can try easily. Some 
sand, clay, and mud are mixed with water 
in two tall jars and stirred. In one jar the 
mixture is allowed to settle by itself. This 
is a slow process. In the other jar some 
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Fig. 4-24. Particles suspended in 
water will settle faster if alum and 
limewater are added. 

chemicals are added that hasten this set¬ 
tling process. The chemicals are alum and 
lime water. They produce a jelly-like mate¬ 
rial that will sink, and will drag down with 
it most of the suspended impurities in the 
water. Many disease germs clinging to the 
suspended material will also be dragged 
down. 

Fig. 4-25 shows the process of filtra¬ 
tion. In one set-up, the water containing 
sand, clay, and mud is filtered through a 
special paper called filter paper. In the 
other, sand is used as the filter. In both 
cases you will see that the water which has 
come through the filter is much clearer. 


Fig. 4-25. Particles such 
as sand that make water 
unclear can be removed 
by the process of filtra¬ 
tion. 
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Fig. 4-26. Beavers built 
dams across this stream 
and raised the water 
table of the area. (Cour¬ 
tesy Soil Conservation 
Service, U.S.D.A.) 


In city purifying plants, muddy water 
is sent into great settling basins. There, 
alum is usually added to hasten the settling 
of solid impurities. The water is then fil¬ 
tered through layers of sand which remove 
many impurities including harmful bac¬ 
teria. 

Further Treatment of Water. To 
avoid the “flat taste” you find in boiled 
water, it is desirable to add air to water. 
This is done by spraying water into the air. 
It also helps to purify the water, because 
many disease germs are killed by sunlight 
and by the oxygen in the air. 

To destroy any remaining disease 
germs, most cities add some chemicals to 
kill them. These are usually chlorine com¬ 
pounds or chlorine gas. The amounts added 
are small enough to be harmless to human 
beings. 

Some cities are beginning to add small 
amounts of fluorine to their drinking water, 
since fluorine salts help to retard tooth 
decay. 


HOW CAN WE 
CONSERVE WATER? 

As you know, some areas have more 
available water than others. The amount 
of rainfall may vary from a few inches a 
year in some places to 50 inches or more 
every year in other sections. For example, 
regions located on the Eastern and Western 
coasts of our country receive much rainfall, 
while some areas just east of the Rocky 
Mountains are desert regions. 

Great quantities of fresh water are 
needed for drinking, for crops, for clean¬ 
ing purposes, for removing sewage, and 
for industry. It has been estimated, for 
example, that our chemical factories use 
6,000 tons of water for each ton of fuel. 
Most of the large cities in our country have 
had water shortages from time to time. All 
of this means that every effort should be 
made to conserve our water supply. 

Conservation means the protection 
and wise use of our natural resources. The 






Fig. 4-27. Flood waters covering freight cars in a Kansas City railroad yard. 
Here there was too much water in the spring and too little in the summer. Forests 
and grasslands absorb water and prevent such floods. 


precious water supplied by nature needs 
special attention in our country because 
too many forests and grasslands have been 
destroyed. 

How to Raise the Water Table. 
There have been a number of experiments 
performed on farm lands on which the 
wells and springs had gone dry. These ex¬ 
periments prove that it is possible to raise 
the level of the water table by causing all, 
or nearly all, of the rainfall to soak into the 
soil. Farmers can accomplish this by build¬ 
ing dams of brush and other vegetation to 
stop the flow of water. They also build 
terraces on hillsides. These are built around 
the hill rather than up and down. They are 
very effective in preventing run-off. Plant¬ 
ing grasses which grow rapidly and help 
to stop surface run-off of rainwater is an¬ 
other conservation measure. Farmers 
should make sure that the land is never 
left bare. As more and more people be¬ 
come interested in saving the soil and rais¬ 
ing the level of the water table, many wells 
and springs which have been dry for years 
will again fill with water. 

WHAT ARE SOME OTHER USES OF WATER? 


Forests Save Water for Us. When we 
cut down trees or plow under grasses, the 
land is left with nothing on it to hold back 
the water. Every time it rains, the water 
dashes over the land and is carried out to 
sea where we can’t use it. Such water car¬ 
ries soil and minerals with it. Often, the 
rush of water is so great that rivers flood. 
Many people are made ill and homeless. 
The water is wasted. 

We can conserve water by seeing to it 
that trees, grass or other types of vegetation 
are planted to absorb or slow down the 
run-off of water. Hillsides that are too 
steep to be farmed profitably should be 
covered with forests. 

The “floor” of a forest is spongy and 
absorbs water from rain and snow. The soil 
of grasslands also stores water this way. 
A bare soil lets rain and melting snow run 
over its surface without soaking in. This 
may cause floods in nearby rivers in the 
spring, but in the summer the streams and 
rivers dry up because the bare soil did not 
store enough water. The water table, which 
you read about earlier in this cycle, drops 
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Fig. 4-2S. Hoover Dam (formerly 
called Boulder Dam) is on the Colo¬ 
rado River. (Union Pacific Railroad 
photo.) 

very low in these areas. This means that 
springs will stop running and wells will 
dry up. 

Millions of acres are laid bare each 
year by forest fires. Fire prevention is, 
therefore, a most important part of water 
conservation. 

There are several direct ways in which 
you can save water. You should see to it 
that dripping faucets are repaired. A drip¬ 
ping faucet can waste many gallons of 


water every day. Ilou should never run 
more water than you intend to use. During 
hot weather, some city governments ask 
their citizens not to sprinkle their lawns 
or wash their cars. These measures help 
to conserve water. 

Some Regions Need Irrigation. At 
some places on the surface of the earth, the 
rainfall is not great enough for plants to 
grow. Water must be added to the soil. 
Adding water to the soil is called irrigation. 
Water is provided from distant points by 
canals which lead to the dry land. One 
large canal may feed hundreds of small irri¬ 
gating ditches. Water is allowed to flow 
onto the soil during the growing season 
while plants are growing on the land. There 
are different systems for bringing water 
from a distance to irrigate dry land. 

Large dams may be built in rivers to 
produce artificial lakes. The water from 
such artificial lakes may be used for both 
irrigation and water power. You have read 
that running water is used to turn turbines 
which make electric power for homes and 
factories. Some very huge dams have been 
built for such purposes. One of these is 
Hoover Dam. Hoover Dam is on the Colo¬ 
rado River near the boundary line between 
the states of Arizona and Nevada. It has 
backed up an artificial lake or reservoir, 
Lake Mead, which is 115 miles in length. 
It is connected with a canal more than one 
hundred miles long which provides water 
to irrigate many thousands of acres of fer¬ 
tile but dry soil. Hoover Dam also sup¬ 
plies water and electricity for the city of 
Los Angeles, which is several hundred 
miles distant. 
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Joseph Lister was born in London in 1827 of a family of Quakeis. 
As a young surgeon he soon realized that too many patients who had 
undergone successful operations were dying needlessly of infections 
because of unclean operating instruments and hospital conditions. He 
heard of Louis Pasteur’s experiments with microbes and concluded 
that the “gangrene” and other harmful after-effects of hospital opera¬ 
tions were caused by these microbes. 

Lister started a crusade to clean up hospitals, medical instruments, 

bandages, and everything that came in contact with a patient. Microbes 
found it difficult to multiply in “clean” surroundings. Lister was the 
first to use disinfectants. These, as you know, are substances, such as 
carbolic acid and hydrogen peroxide, that kill microbes. Lister s meth- 



Fig. 4-29. Cleanliness is essential to 
good health. 
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Otis, based on cleanliness and disinfectants in handling surgical opera¬ 
tions and wounds, undoubtedly saved millions of lives. 

Before the use of soap, cleaning was done mainly by scouring 
with sand or just plain rubbing with water. Some early peoples rubbed 
oil into their skins and then scraped away the oil, taking the dirt and 
some skin with it. The Romans made great use of steam baths and 

swimming pools. 

Early religions recognized the value of cleanliness and even pre¬ 
scribed ritual bathing at frequent intervals. Somehow, the relation¬ 
ship between cleanliness and health was sensed. 

You have many more aids to cleanliness today than your grand¬ 
parents had. Ordinary soap has many allies in its fight against dirt. 
The increased conveniences of washing machines and other mechani¬ 
cal cleaning devices, such as vacuum cleaners, make cleaning a great 

deal easier today. 


Fitr. 4 . 30 . Soap is made in tremendous quantities today. Each of these kettles 
can produce many thousands of bars of soap every few hours. (Courtesy Lever 

Bros. Co.) 
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How Is Soap Made? On 
the farm, soap used to be made by heating 
a mixture of fat and lye. The fat was 
accumulated from waste meat and other 
food materials. The lye was obtained by 
saving wood ashes and trickling pure water, 
preferably rain water, over them. The 
water dissolved out “potash lye, chemi¬ 
cally known as potassium carbonate. 

Boiling the fat and the potash lye in 
a big iron kettle in the back yard produced 
a product known as “soft” soap because it 
remained liquid even when cold. When 
soda ash (sodium carbonate) or soda lye 
(sodium hydroxide) was used instead, a 
“hard” or solid soap resulted on cooling. 

With the development of soap fac¬ 
tories and the desire to make different 
varieties of soap, animal fat as a raw ma¬ 
terial in this process is often replaced by 
various vegetable oils, such as olive oil, 
palm oil, and coconut oil. Almost all fac¬ 
tories use soda lye (sodium hydroxide) as 


the other ingredient in soap making. Mod¬ 
ern factories mix the soap ingredients in 
huge iron kettles large enough to make as 
much as 500,000 lbs at one time. The hot 
mixture is stirred by hot steam sent through 
it. The soap that forms floats on top. 

There Are Many Varieties of Soap. 

The difference between kinds of soap is 
usually due to the kind of fat or oil used 
to make it. Thus a soap made from olive 
oil is different from a soap made from 
waste animal fat, and more expensive. 

Soaps differ too in the other materials 
that are added to them. Air blown into 
the soap puffs it up and makes it light 
enough to float on water. Sometimes sub¬ 
stances such as fine sand or powdered 
pumice stone are added to a soap to in¬ 
crease its scrubbing action. A disinfecting 
soap contains an antiseptic such as carbolic 
acid. Some soaps contain substances such 
as borax that help cleaning action in “hard 
water ” (which contains dissolved minerals). 
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Some soaps have perfumes or coloring 
matter added to them. This may make them 
more attractive and increase their price, 
but it does not increase their cleaning 
action. 

Soap flakes are made by pouring hot 
liquid soap on steel drums and scraping the 
flakes off after the drums cool. Soap pow¬ 
ders are made by spraying hot melted soap 
through a draft of hot air in a tower. The 
soap solidifies into small pieces and col¬ 
lects at the bottom of the tower. 

How Does Soap Clean? Most dirt is 
held on your skin or other objects by a 
film of oil or grease. Soap cleans by loosen¬ 
ing this dirt and freeing it from the grease. 
Rinsing with water, or some other mechan¬ 
ical action, will then remove the dirt par¬ 
ticles. Rubbing or scouring helps this 
mechanical action. 

A soap solution breaks up the oil or 
grease into small drops; without soap the 
drops join together. Each tiny drop of oil 
is surrounded by a film of soap and pre¬ 
vented from joining its neighbors and again 
forming a solid patch of oil. This breaking- 
down process is called the emulsifying ac¬ 
tion of soap. You can show this very simply. 

Prepare a soap solution by shaking 
some soap chips in water. Place some water 
and a few drops of kerosene or other similar 
oil in two separate containers. Now add 
some of your soap solution to one container. 
Shake both containers. You will notice that 
the soap causes a mixture of oil, water, and 
soap. This kind of mixture is called an 
emulsion. Oil and water alone will soon 
separate, the oil floating on top of the water 
in a separate layer. 

Have You Heard of a Soapless Soap? 
The word detergent means a cleaning 
agent. Soap is a detergent. However, cer- 



Fig. 4-31. This young lady is wash- 
ing her skin with a thick layer of soap 
because of a poison ivy contact. (Cour¬ 
tesy American Red Cross.) 

tain new cleaning agents that have a differ¬ 
ent composition from that of ordinary soap 
are commonly called detergents. When we 
use the word detergent hereafter we mean 
a cleaning agent other than soap. Because 
soap is such a common cleaner, these new 
detergents are often called “soapless soaps. 
They can lather well in water and are good 
emulsifying agents. 

These new detergents have two ad¬ 
vantages over ordinary soap. They lather 
well and produce suds even with hard 
water. Ordinary soap produces few suds 
and a wasteful scum when mixed with hard 
water. These new detergents also increase 
the “wetting” quality of water. This helps 
to clean more effectively. The wetting qual¬ 
ity of a good detergent helps remove dirt 
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with a minimum of rubbing. A simple ex¬ 
periment can illustrate this wetting action. 

Prepare two glasses of water. Into one 
place some detergent solution. Into each 
of the glasses drop a small ball of absorbent 
cotton. You will notice how the cotton ball 
becomes “wetter” faster in the detergent 
solution and sinks more rapidly. 

Do You Listen to “Soap Operas”? 

Radio advertising of soap and soap prod¬ 
ucts often features stories popularly known 
as “soap operas.” There is not much dif¬ 
ference between the cleaning action of 
soaps of competing, reputable soap manu¬ 
facturers. Obviously, colors, perfumes, 
kinds of wrappers, and names have no real 
bearing on the quality of the soap or de¬ 
tergent. 

Hard-milled soaps, which have been 
dried out in advance and are firm, are su- 

Fig. 4-32. Soapless detergents can 
produce plentiful suds. (Courtesy 
Dow Chemical Co.) 



perior to the soft-milled soap which has 
not been completely dried out. This latter 
variety easily becomes a jelly-like mess, 
and a great deal is wasted by being washed 
down the drain. For this reason, many peo¬ 
ple remove the wrappers and allow the 
soap to dry out and become hard before 
they use it. Also they make sure they use 
a soap dish that will allow the water to 
drain off. 

Some soaps were once advertised as 
containing substances that “fed” the skin. 
As any doctor will tell you, the only way 
the skin can be fed is through the blood 
system. No food enters through the skin. 
Federal agencies watch for such unfair ad¬ 
vertising practices and try to stop them. 

Other Cleaning Agents Used With 
Water. You have doubtless used or noticed 
other household cleaners such as ammonia, 
borax, washing soda, or tri-sodium phos¬ 
phate. In water solution, all these sub¬ 
stances are able to dissolve or emulsify 
grease. Dirt clinging to the grease can 
therefore be loosened and easily removed. 
Some of these cleaning agents, in particu¬ 
lar washing soda and borax, should be used 
with caution because they are caustic or 
injurious to the skin and to delicate textile 
fabrics. Silk and wool should be washed 
with only the purest soap or detergent, 
since some of the chemicals mentioned 
above will injure fabrics and colors. Pref¬ 
erably, silks and woolens should be “dry 
cleaned” to avoid shrinkage and injury. 

What Is Dry Cleaning? The dry clean¬ 
ing process is so named because no water 
is used. Avoidance of water reduces the 
chance of shrinking fabrics. Also, all the 
cleaning agents mentioned above, which 
work with water, tend to injure delicate 
fabrics and change colors of dyes. 
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Dry cleaning makes use of solvents 
other than water. Solvents, you remember, 
are substances which dissolve things or put 
them into solution. Thus, you look for 
liquids that can dissolve grease. A good 
solvent for grease and therefore an excel¬ 
lent cleaner and stain remover is carbon 
tetrachloride. This has the additional ad¬ 
vantage of being non-flammable. Some 
other good solvents for grease, and good 
dry cleaners, such as naphtha, benzine, and 
gasoline, are dangerous to use in the home 

because they catch fire too easily. 

Do You Know How to Remove Spots 

and Stains? Dirt is matter out of place. To 
remove dirt you should use soaps or other 
cleaning agents that loosen the dirt. As 
explained before, soap cleans by loosening 
the grease to which the dirt clings. Modern 
detergents or cleaning agents, which are 
different from ordinary soap, also help the 
cleaning process by “wetting the material 
thoroughly. The wetting quality of a good 
detergent helps remove dirt without too 
much rubbing. Rubbing shrinks and mats 
wool. A washing process that reduces rub¬ 
bing lengthens the life of woolens. 


Solvents or cleaning fluids such as car¬ 
bon tetrachloride, naphtha, or benzine can 
dissolve the grease or dirt that causes a 
spot or stain. A bleaching solution such as 
chlorine water or lemon juice can remove 
colors and make some stains invisible. 

If you cannot recognize the spot or 
stain, use carbon tetrachloride. If the ma¬ 
terial is suitable for it, use soap and water. 
If you know or recognize the nature of 
the stain, use the cleaning agent or pro¬ 
cedure recommended in the table on p. 169. 

In applying a cleaning fluid such as 
carbon tetrachloride, place a clean piece 
of cloth or white blotting paper under the 
stain. Apply the cleaning fluid to the spot 
or stain with a piece of cloth and rub from 
the outside towards the center. This will 
help avoid the formation of a “ring.” 

Remember that strong chemicals or 
soaps used with water have a tendency to 
injure fabrics such as wool and silk. They 
also spoil colors. Remember, too, that 
bleaching agents such as hydrogen per¬ 
oxide or chlorine compounds will affect 
colored cloth. If in doubt, test part of the 
clothing that is hidden from view. 




Fig. 4-33. Left: A coat of paint can 
provide a clean surface. (Courtesy 
The Glidden Co.) Above: The tools 
used in the three main ways of apply¬ 
ing paint—by brush, by spray gun, 
and by a roller coater. 
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A rainbow of glass colors can be produced by adding different metals or 
minerals to the melted mixture of rate materials used to make glass. Here 
ceramic colors are being baked on to glass bottles. Cycle 5, Pro!). 1. {Courtesy 
Owens Illinois Class Co.) 










Interior view of a 
copper refining plant 
in New Mexico. 
Cycle 5, Prob. 1. 

J 

(Courtesy Kennecott 
Copper Corp.) 








Fig. 4-34. Do you know how to re¬ 
move spots and stains from clothing? 

(Courtesy U.S.D.A. Extension Service. 

Photo by Ed IIunton.) 

STAIN REMOVAL FROM CLOTH 

Note: Do not use hydrogen peroxide or 
chlorine compounds or other bleaching agents 
if the fabric is colored and can be spoiled 
by the application of a bleach. For wool and 
silk or other delicate textiles, do not use strong 
“alkali” cleaners or strong bleaches. 

1. Blood. Wash in cold, then in hot 
water. Bleach if necessary with hydrogen 
peroxide. Cover stain with paste of starch. 
Dry. Brush. 

2. Chewing gum. Cool to make it brit¬ 
tle. Scrape or pick off most of it. The rest can 
be dissolved by carbon tetrachloride or 
toluene. 

3. Coffee. Wash with water, or with 
soap and water. Hydrogen peroxide can 
bleach it. 

4. Fruit. Wash with cold water, then 
with hot water. Hydrogen peroxide or other 


bleaching agents can be used. If necessary, 
steam the spotted area and then use a solvent 
such as carbon tetrachloride. 

5. Grass. Use alcohol or tincture of 
green soap. 

6. Grease. Use carbon tetrachloride or, 
if possible, soap and water. Work from the 
outside towards the center of the spot to avoid 
a “ring.” Use blotting paper or absorbent 
cloth. 

7. Ink. Milk, especially when warmed, 
is a good ink remover. After this treatment, 
rinse with cold water, and then with soap and 
water. Remember that the usual ink eradica- 
tors are bleaching agents and will bleach col¬ 
ored fabrics. 

8. Lipstick. This is mostly colored wax. 
Carbon tetrachloride is a good solvent for 
most lipstick stains. Soap and water can be 
used on washable fabrics. 

9. Mildew. Mildew is a fungus growth. 
If it is fresh, wash off with soap and hot 
water. If it is old, use a bleach such as lemon 
juice or chlorine water. Rinse and then put out 
in the sun for a few hours. Wash with soap 
and water if necessary. 

10. Nail polish. Nail polish is a kind of 
lacquer paint. Solvents such as acetone fol¬ 
lowed by carbon tetrachloride are usually 
successful. 

11. Paint. Fresh paint can be removed 
from washable fabrics by soap and water. 
Other fabrics should be treated with turpen¬ 
tine or carbon tetrachloride. Old paint stains 
must be soaked for hours in turpentine or 
carbon tetrachloride. 

12. Rust. Steam the spot and then apply 
lemon juice. Rinse thoroughly. Repeat if 
necessary. 

13. Tar. Cool and scrape or pick off most 
of it. Then use solvents such as carbon tetra¬ 
chloride or benzol. 

14. Wax. Scrape off as much as possible. 
Apply blotting paper to both sides of cloth 
and apply a hot iron. Dissolve remaining 
traces of wax with carbon tetrachloride. 
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1. The oceans cover almost three- 
fourths of the entire surface of the earth. 

2. The evaporation of water is aided 
by a rise in temperature, by wind blowing 
over the water, and by exposing larger sur¬ 
faces of water to the air. 

3. The water cycle is the trip a particle 
of water takes when it evaporates into the 
air as a vapor, then condenses back into a 
liquid and falls as rain. It may also freeze 
into solid ice or snow. 

4. Waterways and water travel have 
been important in everyday living from 
the days of primitive man up to the present. 

5. Water is a combination of two 
gases, hydrogen and oxygen. 

6. When sugar is dissolved in water, 
the sugar is called a solute, the water is a 
solvent, and the mixture is called a solu¬ 
tion. 

7. The power of falling water can be 
used to turn turbine wheels which are 
connected to machines for producing elec¬ 
tricity. 

8. Cities often get their water from 
far-off mountain regions. Cities purify 
their water by getting rid of suspended 
materials and by using chemicals to kill 
disease germs. 

9. The water table is the level beneath 
the land surface of the earth where the 
soil is saturated with water. Springs and 
wells in farming regions depend on the 
water table for their supply of water. 

10. When the water table sinks, wells 
and springs which supply water for men 
and farm plants and animals may go dry. 


11. Water conservation is helped by 
good farming practices and conservation 
of forests and grasslands. 

12. Flood control and water conserva¬ 
tion are helped by many dams in the 
United States. Dams supply water for 
drinking, for irrigation of the land, and 
for power to be changed into electric 
power. 

13. Ordinary soap is made by heating 
a mixture of lye and either an animal fat 
or a vegetable oil. The kind of soap pro¬ 
duced varies with the fat or oil used. 

14. Soap and other household clean¬ 
sers, such as borax or washing soda, clean 
by loosening dirt from grease. New deter¬ 
gents or cleaning agents produce suds even 
with hard water and increase the “wet¬ 
ting” quality of water. 

15. Dry cleaning is so named because 
no water is used in the process. A good dry 
cleaner and stain remover is carbon tetra¬ 
chloride. 

16. In removing stains from cloth, do 
not use bleaching agents with colored fab¬ 
rics, or strong chemicals with delicate tex¬ 
tiles such as wool or silk. 

Fig. 4-35. Distillation of water. 
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DISTILLED WATER 






1. Distillation. In this process the 
water (changed to a vapor) is removed 
from its impurities. The impurities are left 
behind in the heating flask. 

Set up your materials as shown in Fig. 
4-35. Heat the water carefully. Note 
the temperature when the water boils. The 
steam produced is cooled to form distilled 
water. 

2. Condensation. 

a. Remove the paper label from a small 
food can which is empty. Wipe the 
outside of the can so that it is perfectly 
dry and shiny. Now- fill the can half 
full of water and add a few ice cubes. 
Cover the can with something like a 
small flat plate. In a few minutes 
water droplets will collect on the out¬ 
side of the can. Why? Why does dew 
form on grass in the evening? 

b. If you have a terrarium or an aqua¬ 
rium with a glass top at home or in 
school, look for evidences of the water 
cycle in operation. Do you see con¬ 
densation on the glass top and sides? 
Explain. 

3. To compare salt water with fresh 
water: 

a. Weigh two similar quart jars and add 
exactly the same amount of water to 
each. 

b. Stir salt into one of the vessels until it 
no longer dissolves. Keep adding salt 
until some settles to the bottom and 
cannot be made to disappear. 

c. Are the salt particles in solution vis¬ 
ible? 


d. Weigh each of the vessels again. 

e. Float a fresh egg in one vessel and 
then in the other. 

f. What results do you observe? 

g. Show how you could recover the salt 
that you put into the water. 

4. Stir some coarse sand in a quart jar 
of water and show how you can separate 
the water from the sand by filtration. 

5. Prepare a large funnel or a glass 
chimney with layers of pebbles, coarse 
sand, and fine sand and show how muddy 
water can be filtered through this. 

6. To show that the pressure of water 
increases with the depth, get a tall metal 
can. Punch 3 small holes in its side — one 
near the bottom, one near the middle, and 
one near the top. Plug the holes and fill 
with water. Unplug the holes over a sink 
and note the results. 

7. A class committee can be organized 
to report on different methods of purifying 
water. The city water works nearest the 
school might be visited, and information 
obtained as to the steps taken to provide 
pure water for the community. A modern 
laundry can be visited to find out what 
treatment the local water receives before 
it is used for washing. 

8. Stain some pieces of cloth with a 
variety of stains and try to remove the 
spots in accordance with the advice of¬ 
fered on pages 000-000. 

9. Report on the methods used to 
remove tarnish from silverware. Try the 
method of cleaning in which the silverware 
is in contact with a piece of aluminum and 
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both are placed in a pan of boiling water 
containing two tablespoonfuls each of salt 
and bicarbonate of soda. 

10. Hard water. 

Compare the action of soap with that 
of a new soapless detergent in hard water. 
Prepare hard water by bubbling carbon 
dioxide gas through limewater. (The lime- 
water will first turn milky and then become 
clear. If necessary, use your exhaled 


breath, which contains appreciable carbon 
dioxide. Another, easier way to make hard 
water is to dissolve some Epsom salts in 
water.) Divide the hard water into two 
samples. To one add a pinch of soap pow¬ 
der. To the other add an equal amount 
of the soapless detergent. Shake both. 
Which sample produces the greater amount 
of suds? Which sample leaves a “curd” 
or “ring”? 



Choose the best answer: 

1. The smallest particles of water that 
can possibly exist are known as (a) drop¬ 
lets, (b) molecules, (c) water cycles, (d) 
liquids. 

2. Wind and heat hasten the process 
of water (a) condensation, (b) filtration 
(c) evaporation, (d) settling. 

3. Water is composed of (a) 2 units of 
hydrogen and 1 unit of oxygen, (b) equal 
parts of hydrogen and oxygen, (c) 2 units 
of oxygen and 1 unit of hydrogen, (d) 
equal parts of oxygen and other gases. 

4. A valuable mineral taken from sea 
water and used in photographic film is (a) 
magnesium, (b) silver, (c) table salt, (d) 
bromine. 

5. When sugar is placed in water, the 

MORE QUESTIONS 

1. What are some reasons for hauling 
freight by water rather than over land? 

2. How is the water table related to 
the supply of water in farm wells? 


sugar is called the (a) solvent, (b) solute, 
(c) solution, (d) concentration. 

6. A cubic foot of water weighs around 
(a) 62.4 pounds, (b) 8 pounds, (c) 500 
pounds, (d) 64.2 pounds. 

7. Chlorine compounds are added to 
water (a) to remove solid particles, (b) to 
help retard tooth decay, (c) to destroy bac¬ 
teria, (d) to remove the “flat” taste. 

8. One of the following is not used as 
a dry cleaner (a) ammonia, (b) carbon 
tetrachloride, (c) naphtha, (d) benzine. 

9. To remove a green grass spot, use 
(a) soap, (b) alcohol, (c) ammonia, (d) 
borax. 

10. To remove ink from white cotton 
cloth use (a) soap, (b) alcohol, (c) ammo¬ 
nia, (d) warm milk. 


3. How may glaciers form lakes? 

4. How can you explain the mildness 
of the English climate in spite of England’s 
northern latitude? 
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5. Why are dams built much thicker 
at the bottom than at the top? 

6. Explain how the Great Salt Lake 
has become salty. 

7. How is the conservation of water 
related to the conservation of forests? 

8. How has water transportation af¬ 
fected the growth of large cities in the 
United States? 

9. Why is bluing used in washing 
white clothes? 
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five: Getting Acquainted With 
Your World 



problem 1 How do we get some of the raw 

materials needed in industry? 

problem 2 How do the movements of the earth 

affect us? 

problem 3 What is the place of the earth in the 

universe? 


This is a true story. In 1953, Charlie Steen was poor and 
hungry. He and his wife and four children lived in a broken-down 
shack in the hills of Utah. Charlie had come to these hills to look for 



uranium. The United States government was offering a $10,000 bonus 
to anyone who could find a worthwhile deposit of this atomic-energy 
material. Charlie dreamed of this bonus and took his family and 
“jeep” into the hills to look for it. He soon ran into debt, troubles, and 
sickness. But Charlie Steen would not quit. 


Fig. 5-1. Checking soil with a Geiger counter. (Courtesy U.S. Atomic Energy 
Commission.) 





After many disappointments, he managed to borrow some money 
and bought some drilling equipment. He found a likely spot and 
started to dig into the rock. Hard luck again! Charlie s drill broke on 
the first try. Wearily, he took some of his rock samples and headed 
back to town. On the way he met another prospector carrying a Geiger 
counter. This is an instrument used to check the presence of uranium 
deposits. Together they examined the samples. The Geiger counter 
clicked furiously. Charlie’s money troubles were over for good. He 
had struck it rich! 

Steen’s uranium mine has been estimated to be worth over $50,- 
000,000. His children certainly will never go hungry again. 

Uranium is only one of the hundreds of precious materials to be 
found on our earth. Not only the solid crust of the earth is valuable. 
The oceans and the air also provide us with useful industrial products. 

Let us see how some of these materials are obtained and how 
they are put to use. 


Fig. 5-2. These scientists, one with a magnifying glass, are studying samples 
of rock. (Courtesy Shell Oil Co.) 






Mem 1 : Hoiv do we get some of th 

materials needed in industry ? 



Our earth is a tremendous 
storehouse of the raw materials that man 
uses in his everyday life. Raw materials are 
materials in their natural state. The great 
oceans of water that cover the earth and 
the great ocean of air that surrounds us are 
also rich in useful raw materials. Let us see 
how scientists and engineers remove our 
natural resources - from the crust of the 
earth, from the sea, and from the air. 


SECURING MATERIALS 
FROM THE EARTH 

Chemical substances which are found 
naturally in the surface of the earth are 
known as minerals. Common salt, for ex¬ 
ample, is a mineral. Chalk and petroleum 
are others. Certain minerals contain useful 
metals in combination with other sub¬ 
stances. These are called ores. There is an 
ore of iron known as hematite. The com¬ 


mon aluminum ore is bauxite. Pitchblende 
is a well-known ore of uranium. 

In order to be used, metals must first 
be separated from the other materials in 
these ores. We shall first see how some of 
our more important ores are mined, and 
then how some metals are extracted from 
the ores. 


Fig. 5-3. This shows the percentage 
by weight of the elements on the 
earth’s surface. Silicon is present in 
sand and in many rocks. 


27.69 SILICON 


ALUMINUM 8.07 
IRON 5.05 



CALCIUM 3.65 

SODIUM 2.75 
POTASSIUM 2.58 
MAGNESIUM 2.08 
HYDROGEN 0.14 
OTHER ELEMENTS 

1.28 


OXYGEN 46.71 





Fig. 5-4. This is asbestos mineral, 
found in the earth. Asbestos is used 
to make fire-proof materials. (Cour¬ 
tesy Ward's Natural Science Estab¬ 
lishment, Inc.) 

Iron Makes Steel. In the case of 
iron, the world’s greatest deposits of ore 
are found on the surface of the great Me- 
sabi Range in Minnesota. Here the mining 
is fairly simple. Giant steam shovels scoop 
up the rich, red iron ore and load it into 
freight cars. This kind of mining is known 
as strip mining or open pit mining. The 
freight trains may carry the ore to the lake 


port of Duluth. From here, it is shipped 
by water to industrial cities like Gary, Indi¬ 
ana, or Erie, Pennsylvania. 

The iron ore which arrives at the steel¬ 
making cities contains iron combined with 
oxygen. It is also full of impurities. The 
oxygen and impurities must be removed 
before the metal can be made useful. For 
this purpose, the iron ore is loaded into 
the top of a gigantic oven known as a blast 
furnace. Into this furnace, which is over a 
hundred feet high, the ore is fed. Coke 
(from coal) and limestone are also added. 
Blasts of hot air are blown into nozzles 
near the bottom of the furnace, and the 
roaring fire melts the ore. The coke com¬ 
bines with the oxygen to form carbon diox¬ 
ide, which passes out as a gas. The lime¬ 
stone removes some of the other impurities. 
Every four or five hours the furnace is 
tapped and many tons of molten iron are 
drawn off. This liquid iron is poured into 
forms and hardens into bars known as pigs. 

Making Steel. Some of the pig iron 
is put through other processes to be 


Fig. 5-5. (Left) Open pit mining of iron ore near Hibbing, Minnesota. (Right) 
Molten iron coming from a blast furnace. (Courtesy Republic Steel Corp.) 








Fig. 5-6. The equipment in this 
hospital operating room is made of 
stainless steel. (Courtesy Union Car¬ 
bide and Carbon Carp.) 

changed slightly into other forms like 
wrought iron. Most of the iron from the 
blast furnace, however, is converted into 
steel. Because of its rather low cost and 
great strength, steel is the most useful of all 
the metals known to man. It is stronger 
than most metals and can be shaped easily 
into thousands of important products. 

There are several kinds of furnaces 
used to convert iron into steel. In each of 
these, iron is mixed with other materials 
to give it special properties. The addition 
of carbon, for example, increases the hard¬ 
ness of the metal. Small amounts of metals 
like chromium, vanadium, nickel, or tung¬ 
sten may be added to steel. Mixtures of 
metals are known as alloys. You may be fa¬ 
miliar with stainless steel, containing chro¬ 
mium. This steel is rust proof. Perhaps 
you have seen the high grade tool steels 
containing tungsten. These are used in 
machine shops to cut the hardest metals. 


Steel is used as a structural metal in 
automobiles, bridges, buildings, trains, tele¬ 
vision sets, and many other things you can 
mention. Steel forms the framework of a 
good part of modern civilization. 

Aluminum Is Light. Around 1850 
a pound of aluminum would have cost you 
about $545. This was not because alumi¬ 
num ores were rare. In fact, aluminum 
compounds make up about 8 per cent of 
the earth’s crust. The reason lor the high 
cost of this very valuable metal was the 
difficulty of extracting it from its ore. It 
wasn’t until 1886 that scientists developed 
a practical method of extracting aluminum. 
This method uses an electrical process 
which is cheap and efficient. 



Fig 5-7. Aluminum alloys are used 
in airplane construction because they 
are light in weight and strong, and 
do not rust. (Courtesy Grumman Air¬ 
craft Engineering Corp.) 

Aluminum deposits are found all over 
the world. In the United States, Arkansas, 
Georgia, and Alabama have rich supplies. 
Since World War II, the United States has 
produced most of the world’s supply of this 
unusual metal. 

The value of aluminum comes chiefly 
from its lightness and resistance to rusting. 
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When other metals such as magnesium are 
added to it, aluminum can be made quite 
strong. Aluminum cooking utensils are 
light and strong, do not rust and are harm¬ 
less to foods. Aluminum foil is used to wrap 
and protect thousands of manufactured ar¬ 
ticles like chocolate bars, chewing gum, 
and cigarettes. In the home, the foil is used 
to preserve left-overs and to wrap many 
things, from sandwiches to paintbrushes. 

Store fronts, window frames, beach 
chairs, tables, and trays are other examples 
of aluminum products. 

The aircraft industry depends almost 
entirely on this metal. Since it is light, yet 

0 

strong, an aluminum alloy is the ideal con¬ 
struction material for airplanes. Busses, 
trains, trucks, and automobiles also use 
vast quantities of aluminum in their 
manufacture. 

Other Metals from the Earth. 

Copper is one of the oldest known metals. 
The ancient Egyptians as well as the early 
Greeks and Romans made articles of cop¬ 
per. Today, more than half of the copper 
mined is used in the electrical industry. 

Fig. 5-8. Drainpipes are made of alum¬ 
inum, galvanized iron (iron coated 
with zinc), or other rust-proof metals. 
(Courtesy Republic Steel Corp.) 




Fig. 5-9. Strips of copper are being 
processed here. (Courtesy Raritan 
Copper Works.) 


The metal carries electricity very well and 
is, therefore, commonly used for electric 
wire. It is also used widely in the making 
of coins such as the American cent. It may 
be mixed with other metals to form alloys. 
Brass is a mixture of copper and zinc. 
Bronze is a mixture of copper, tin, and zinc. 
Copper resists rusting, and so makes a fine 
metal for use in plumbing pipes and fix¬ 
tures. 

Because of their attractive color and 
luster, gold and silver are used widely for 
jewelry and ornaments. Gold is usually 
found in a pure state, not chemically com¬ 
bined with other elements. Most metals are 
found combined, usually with either oxy¬ 
gen or sulfur. Streams may carry gold par¬ 
ticles as their waters pass over the surface 
of the earth. The gold, being quite heavy, 
sinks to the bottom and may be obtained 
from the gravel in the stream’s bed. Pure 
gold is rather soft and is, therefore, often 
combined with other metals like copper or 
silver for durability. The gold content of 






Fig. 5-10. Photographic film is coated 
with a silver compound. Here a roll 
of developed film is being dried. 
(Courtesy Eastman Kodak Co.) 


an alloy is stated in carats. A carat is a 
measure of the purity of gold. Pure gold 
is 24 carats. Fourteen carat gold contains 
14 parts of pure gold and 10 parts of other 
metals. Eighteen carat gold contains 18 
parts of pure gold and 6 parts of other 
metals. 

Silver ores are usually found deep in 
the earth. Besides its use in jewelry and 
coins, this precious metal is very valuable 
in industry. A great deal of silver is used 
in making knives, forks, and spoons. These 
may either be sterling silver or plated 
over cheaper metals. Sterling silver con¬ 
tains 92.5 per cent silver. Its rich appear¬ 
ance makes it excellent for table silverware. 
Silver is also used in delicate electrical 
instruments, since it carries electricity ex¬ 
tremely well. Perhaps its greatest use is in 
the making of photographic film. All film is 
coated with a silver compound. Silver 
coins such as dimes and quarters contain 
90 per cent silver and 10 per cent copper. 


Mercury is a most exceptional metal. 
It is the only metal that is a liquid at ordi¬ 
nary temperatures. This property makes 
mercury ideal for use in thermometers, 
barometers, and other measuring instru¬ 
ments. Ask your dentist to show you how 
he mixes mercury with silver in preparing 
a filling for a cavity. 

Mercury is extracted from its ore by heat¬ 
ing. You can demonstrate this process in 
your classroom by obtaining a quantity of 
mercuric oxide. This is a red powder which 
contains mercury in combination with oxy¬ 
gen. If this mercury compound is heated 
in a test tube, the oxygen is driven off and 
droplets of the shiny mercury metal form 
on the test tube walls. Thus, the red pow¬ 
der, which may be thought of as the mer¬ 
cury ore, has been converted to the pure 
metal. 



Fig. 5-11. Heating red mercury oxide 
will drive off oxygen gas. Droplets 
of shiny mercury metal will form on 
the walls of the test tube. 
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Fig. 5-12. T/its w a dia¬ 
gram of a uranium pile, 
also called a nuclear re¬ 
actor, in which tagged 
atoms are produced. 
(Courtesy U.S. Atomic 
Energy Commission.) 


Uranium May Change the World. 
You have heard it said that vve are now 
living in an “atomic age.” Scientists are 
predicting that a great deal of the future 
power for industry, commerce, and the 
home may come from the release of atomic 
energy. You have heard of the mighty 
atomic bomb. No doubt you have read of 
some peacetime uses of “tagged” atoms in 
medicine, industry, and agriculture. Later 
in your study of science you will learn more 
about atomic energy and its uses. 

The development of this atomic age 
would not be possible without a supply of 
the heaviest of all metals — uranium. This 
metal is so valuable that governments have 
offered rewards for its discovery. 

You may have heard of the discovery 
of radium by Madame Curie. Radium is a 
very active, rare metal. It gives off pene¬ 
trating rays, some similar to X-rays. Ura¬ 
nium also gives off such rays. These rays 
can be detected by a Geiger counter or by 
a photographic film. Substances that give 
off such rays are called radioactive. This 
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name comes from the first such substance 
discovered — radium. 

The most common ore of uranium is 
pitchblende. The richest known deposits 
of this ore are in the Belgian Congo and in 
northern Canada. Another ore, carnotite, 
is found in Colorado, Utah, and others of 
our western states. 

FUELS FROM UNDERGROUND 

A material that can be burned to sup¬ 
ply heat is known as a fuel. The heat pro¬ 
duced by fuels runs the engines of our 
trains, airplanes, and automobiles. Our 
homes, schools, offices, and factories de¬ 
pend upon the heat from burning fuels for 
their operation. Without fuels, life as we 
know it would come to a standstill. Most 
of our fuels come from underneath the 
ground. 

“Buried Sunshine.” The most widely 
used of all our fuels is coal. Often this im¬ 
portant natural resource is referred to as 
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“buried sunshine.” You will see the reason 
for this by looking at the way in which coal 
was probably formed on the earth. 

Scientists believe that coal beds were 
formed hundreds of millions of years ago. 
Large sections of the earth are thought to 
have been warm and swampy. Enormous 
plants grew in these swamps, and fell into 
the water when they died. They were cov¬ 
ered with deposits of soil and sand, and 
eventually decayed. Decay, and great pres¬ 
sure of the rocks forming above the plants 
for thousands of centuries, changed them 
into coal. So, you see, coal is really what 
is left of the plants that lived in the sun¬ 
shine millions of years ago. 

Coal is sometimes found near the sur¬ 
face of the earth. More often, however, it 
must be mined from underground. Some¬ 
times a shaft is sunk straight down to a 
coal bed. The coal may then be loosened 
with hand tools or automatic drilling ma¬ 
chines and brought to the surface on ele¬ 
vators. Other mines have tunnels into the 
side of a hill in which the coal beds lie. 

It has been estimated that the United 
States has enough coal underground to last 
us for hundreds of years. This fuel is still 
the most widely used throughout the world. 
Coal is burned to heat homes and factories, 
to change water into steam, to make steel, 
and to make hundreds of chemical prod¬ 
ucts. Two other valuable fuels, coke and 
coal gas, are made from coal. 

Coke and Coal Gas. Not all coal is 
the same. There is a hard form known as 
anthracite. This bums without the messy 
smoke produced when bituminous, or soft 
coal is burned. Bituminous coal is more 
plentiful than anthracite and cheaper. It 
is therefore used in factories and locomo¬ 
tives despite its objectionable smoke. 



Fig. 5-13. Heating soft coal will pro¬ 
duce coal gas, coal tar, and coke. 
Here the coke is left behind in the 
test tube. 

If soft coal is heated in an air-tight 
oven, gases are driven off together with 
coal tars. The solid fuel, coke, remains. 
Coke is essential for treating iron ores in 
the blast furnace. Enormous quantities are 
used to extract iron and other metals from 
their ores. 

You can manufacture coke and coal 
gas in your science room with a set-up like 
that shown in Fig. 5-13. Coal gas is used 
as a fuel in many homes and factories. Coal 
gas comes out of the glass tube and can be 
ignited. The smelly, tarry material which 
settles in the bottle is called coal tar. Coal 
tar contains dozens of important raw ma¬ 
terials such as benzene and ammonia. From 
such coal tar materials industrial products 
such as nylon and dyes are made. Many 
drugs are also made from coal tar products. 

Petroleum. If you were to travel in 
Canada or England, you would be amused 
to find that in these countries, gasoline is 
called “petrol.” This is a short form of the 
word petroleum. Gasoline is only one of 
the many important products made from 
this thick, dark-colored liquid. 
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Fig. 5-14. This diagram 
shows how petroleum oil 
can be heated in the 
laboratory and how dif¬ 
ferent materials are ex¬ 
tracted from it. On a 
large scale , in industry, 
tremendous metal boilers 
and great lengths of 
metal pipe are used in 
refining oil. 


Scientists believe that petroleum was 
formed from the bodies of tiny animals and 
plants that lived in the sea millions of years 
ago. Petroleum deposits are found in pock¬ 
ets underground that are trapped between 
layers of rock. When a hole is drilled down 
to such a pocket, “oil may gush up under 
pressure. This “oil” is petroleum. 

So that different materials may be ex¬ 
tracted from the crude oil, the liquid is 
piped to a refinery, where it is heated. As 
the oil is heated, it changes to a vapor. This 
vapor is then cooled and condensed to a 
liquid. See Fig. 5-14. By controlling the 
temperatures in special cooling towers, the 
oil may be separated into gasoline, kero¬ 
sene, fuel oil, lubricating oil, paraffin, and 
other products. 

Natural Gas. Another important fuel 
is natural gas. This material is also found 
trapped underground, and is usually near 
petroleum deposits. The gas is extracted 
by drilling wells into the earth. From the 
well it may be sent through pipelines for 
many hundreds of miles to supply the cook¬ 
ing and heating needs of homes far away. 
Natural gas burns with a hot flame and 
leaves no ashes. This makes it an ideal 
fuel. Unfortunately, it is poisonous if in- 
• haled. In most states, laws require gas 

companies to add an ingredient with a dis- 
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agreeable odor to the gas so that you can 
detect it immediately if it should escape 
from a stove or furnace. 


BUILDING MATERIALS FROM 
THE EARTH S SURFACE 

Ever since the days of primitive man, 
rocks have been used for building purposes. 
The ancient cave men used rocks to im¬ 
prove their shelters. The remains of tem¬ 
ples built of stone thousands of years ago 


Fig. 5-15. Natural gas is sent through 
pipelines for hundreds of miles. (Cour¬ 
tesy Republic Steel Corp.) 








Fig. 5-16. (Left) This section of V.S. Route 99 in California cuts through crum¬ 
bling sedimentary rock. (Courtesy California State Highway Department.) 

Fig. 5-17. The sand used in glass is not ordinary seashore sand but a purer 
form made from sandstone ledges like this. (Courtesy Owens-Illinois Glass Co.) 


still exist today. The Egyptians constructed 
the marvelous Pyramids with gigantic 
stones. The Romans and Greeks made 
beautiful buildings with materials taken 
from the earth. Let us find out about some 
of these building materials and how they 
are used. 

Sedimentary Rocks. As a stream 
flows over the surface of the earth, it car¬ 
ries along pebbles, sand, mud and clay. 
Wherever the water slows down, some of its 
cargo of particles will drop to the bottom. 
After this process has gone on for many 
years, the particles may become cemented 
together and form rocks. These are called 
sedimentary rocks because they were made 
from the sediment, or deposit, from water. 


The most common sedimentary rocks 
are sandstone, limestone, and shale. Sand¬ 
stones are formed by particles of sand 
which have been cemented together. It is 
a plentiful rock and, since sand is a hard 
substance, sandstone is a widely-used 
building material. It is used especially 
for trimming buildings made of other 
materials. 

Limestone is formed from the deposits 
of skeletons of countless billions of tiny sea 
animals. It can also be formed from de¬ 
posits of lime which were dissolved by 
streams and rivers. This stone is usually 
grayish in color, and makes a good build¬ 
ing material because it is easily worked 
with. Indiana produces much of the lime- 
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stone in this country. Many beautiful office 
buildings, like those of Radio City in New 
York, were built with Indiana limestone. 

The building industry also makes great 
use of lime made from limestone. Lime is 
the chief ingredient of the mortar used in 
brick buildings. Have you heard of con¬ 
crete? The main part of concrete is the 
cement, made from limestone. 

Shale is the result of the hardening of 
mud clay. It is a rock that is usually dark 
and breaks apart into layers rather easily. 
It is usually not used for buildings, since 
it is too soft. 

Glass. Glass was made thousands of 
years ago by ancient peoples such as the 
Egyptians. In the sixteenth century, 
Venice, Italy, became famous for its ex¬ 


Fig. 5-18. Clay obtained from the 
earth is widely used to make bricks, 
earthenware, and porcelain. Wet clay 
here is being molded into different 
shapes. Baking in a kiln with a glaze 
coating can transform clay into beau¬ 
tiful ceramic objects. (Courtesy Li¬ 
brary of Congress.) 



cellent and colorful vases and glassware 
of all kinds. 

Today you can think of a large num¬ 
ber of things that are made of glass. To 
mention a few, there are windows, drink¬ 
ing glasses, milk bottles, eye glasses, and 
automobile windshields. The modern 
world relies a great deal on glass. 

Ordinary glass, used in making bottles 
and windowpanes, is made by heating and 
melting together sand, limestone, and soda 
ash. Soda ash has the chemical name of 
sodium carbonate. 

Igneous Rocks. Man has dug into 
the earth only a few miles. However, from 
the temperatures in deep mines and in oil- 
well borings, it is known that there is a 
temperature increase of one degree for 
about each 60 feet of depth. It has been 
estimated that at a depth of about 30 miles, 
the temperature is about 2200 degrees 
Fahrenheit, hot enough to melt rocks. As 
these rocks and minerals happen to come 
near the surface of the earth, they cool and 
become solid. Rock that at one time was 
in the melted state is called igneous rock. 
This is sometimes referred to as “fire- 
formed” rock because it was created by 
heat. 

Very often this igneous rock material 
will be found near or on the surface of the 
earth. This is so because great masses of 
melted minerals are often pushed up into 
weak spots in the earth’s crust and cooled. 
The molten lava which pours from the 
mouth of a volcano hardens into igneous 
rock. 

The most common igneous rock is 
granite. This has a speckled appearance 
because of the presence of different min¬ 
erals. You will recognize the glassy quartz 
in a piece of granite. Also, you may find 






Fig. 5-19. This rock, named porphyry, 
came from molten material inside the 
earth. It is called an igneous rock 
because it was “fire-formed. (Cour¬ 
tesy Ward's Natural Science Estab¬ 
lishment, Inc.) 



Fig. 5-20. This rock, named gneiss, 
was formed after thousands of years 
of great pressure and heat. It is called 
a metamorphic rock. (Courtesy Wards 
Natural Science Establishment, Inc.) 

pieces of flat, glass-like (shiny) flakes 
known as mica. This mineral can usually 
be seen in an electric toaster. The heating 
wires in the toaster are wrapped around 
sheets of mica. 

Granite is a hard rock, and can be 
polished to a beautiful finish. It is used 


widely in expensive buildings and for mon¬ 
uments and gravestones. 

Metamorphic Rocks. Through mil¬ 
lions of years, the rocks on and near the 
earth’s surface have undergone many 
changes. High temperatures and great 
pressures have changed many sedimentary 
and igneous rocks into another type. These 
are called metamorphic rocks. Thus, a large 
amount of the sedimentary rock limestone 
was changed over the centuries to marble. 
Shale was changed to slate. Heat and pres¬ 
sure converted granite to gneiss. 

Metamorphic rocks are often used for 
building because they are hard and dur¬ 
able. Marble, for example, is used fre¬ 
quently for monuments and gravestones. 
It is also found in public buildings as an 
ornamental stone because of its great 
beauty. 

Slate is commonly used as a roofing 
material. It is quite expensive but lasts a 
lifetime. Of course, one of its uses is for 
blackboards in classrooms. 

Rock Collecting as a Hobby. One of 
the most fascinating hobbies for people of 
all ages is rock collecting. There are many 
sources of supply of rock specimens. Road¬ 
ways, hills and mountains, streams, and 
construction projects are just some of the 
places where you can find items for your 
collection. You might start such a collec¬ 
tion with examples of the rocks mentioned 
in this book. 

Rocks can be grouped into the classes 
you have read about. With the help of 
some of the many books on rocks available, 
you can identify many rocks and minerals 
and mount them for display. Soon you may 
want to include fossils in your collection. 
They are imprints or skeletons of former 
living things found imbedded in rocks. 
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Fig. 5-21. Sea water contains minerals. Try the experiment shown in the 
diagram at right. A top view of the watch glass (lower right) shows the min¬ 
eral deposit. 


SOME IMPORTANT MATERIALS 
OBTAINED FROM THE SEA 

It is probably true that most of the 
chemical elements known to man are pres¬ 
ent in the oceans to some extent. Most of 
these substances are present in such small 
quantities that it isn’t practical or wise to 
try to extract them. However some mate¬ 
rials like sodium, chlorine, bromine, iodine, 
and magnesium are rather plentiful in sea 
water. Man has learned to remove these 
substances profitably, and so the sea has 
become a great source of raw materials. 

The Oceans Are Salty. Every day 
you eat sodium chloride! This is just the 
chemical name for common table salt. 
Much of our salt comes from salt mines 
in the solid earth. These were formed when 
the oceans which covered the earth dried 
up and left this mineral behind. But many 
countries, including our own, obtain large 
quantities of salt from sea water. 

You can perform a simple experiment 


that will help you to understand how salt 
is taken from the ocean. If you live near 
the ocean or a body of salt water, you can 
start the experiment with sea water. If you 
cannot obtain sea water, just mix some 
table salt into a glass of water until you 
have a concentrated solution. About 4 
teaspoons of salt to 8 ounces (& pint) of 
water will do. Now take some of this salt 
solution and heat it gently in a test tube 
or pan until all the water evaporates. Do 
you see the salt that is left behind? Taste 
it. You can recognize the salt by its taste 
and appearance. 

Salt is obtained from the ocean in a 
similar way. Large shallow basins are 
pumped full of sea water. The sun’s heat 
evaporates the water and the salt remains. 
Or, in cold climates, the water is allowed 
to freeze. The ice, which contains very little 
salt, is then removed, and the strong salt 
solution which is left behind is heated arti¬ 
ficially to secure the salt. A quantity of sea 
water 1 yard wide, 1 yard deep, and 1 
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yard high will give up almost 50 pounds 
of salt. 

Of course, you know how important 
salt is in your diet. But did you realize that 
salt is used in hundreds of industrial proc¬ 
esses? Millions of tons of salt are used 
yearly in this country to manufacture 
chemicals such as lye, chlorine, washing 
soda (sodium carbonate), and hydrochloric 


Fig. 5-22. Most of the salt we use 
comes from deposits of ancient seas. 
These salt deposits are now covered 
by layers of stone. Water is sent down 
a pipe to dissolve the salt. The salt 
water (brine) is pumped up. The 
water is then evaporated. 
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Fig. 5-23. Chlorine is used as a dis¬ 
infectant (a germ destroyer) in swim¬ 
ming pools. (Courtesy Library of 
Congress.) 


acid. Salt is used in the manufacture of 
soap, in refrigeration plants, and as an 
important food preservative. It is one 
of the most useful compounds in nature. 

Chlorine. When an electric current is 
passed through a salt water solution, a 
green, strong-smelling, and poisonous gas 
is produced. This gas is chlorine, and it 
has many important commercial uses. 
Chlorine is used to whiten or bleach cotton 
and many other products. It is also used 
effectively to treat drinking water and the 
water in swimming pools. The chlorine 
destroys many disease germs and makes 
such water safe. Its ability to destroy germs 
makes it valuable as a disinfectant. A dis¬ 
infectant is a substance which kills bac¬ 
teria and other germs. 
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Chlorine is combined with other sub¬ 
stances to form important compounds. 
Some examples: chloroform is used as an 
anesthetic; carbon tetrachloride is used as a 
cleaning fluid and a fire extinguisher; silver 
chloride is used in photography. 

Bromine. Bromine is a substance very 
similar to chlorine in the way in which it 
behaves. It is considered a chemical “rela¬ 
tive’ of chlorine for this reason. 

Huge quantities of bromine are taken 
from the sea. Large chemical plants along 
the coast, like the one at Cape Fear, North 
Carolina, pump thousands of gallons of 
sea water every minute. This water is 
chemically treated to release the bromine. 
It has been estimated that 100,000 tons 
of sea water will yield almost 8 tons of 
bromine. 

In recent years a great demand has 
arisen for bromine. This is partly because 
of its importance in manufacturing “anti¬ 
knock” gasoline. The next time your family 
car stops for gasoline, notice the sign on 
the pump. It will usually say that the fuel 
contains “ethyl.” This is really a complex 
lead compound made with the help of bro¬ 
mine. It increases the efficiency of gasoline. 

Silver bromide is a very valuable com¬ 
pound used on photographic film. Tremen¬ 
dous quantities of bromine are needed to 
make this compound. Bromine is also used 
in making many medicines, drugs, and 
dyes. “Tear gas” used by police depart¬ 
ments contains certain bromine compounds. 

Iodine. Another member of the chlo¬ 
rine family is iodine. You, of course, are 
familiar with this material in the form of 
the iodine solution in your medicine cabi¬ 
net. This solution is called tincture of 
iodine. You may remember that a tincture 
is a solution of a substance in alcohol. 


Iodine occurs in sea water, especially 
in the seaweeds that grow in the ocean. To 
extract this important chemical, seaweed 
is burned and the ashes are dissolved in 
water. A chemical process then releases 
pure iodine. Most of the iodine used in the 
United States is extracted from the salt 
water found in our California oil wells. 
Pure iodine is a steel-gray solid, but its 
solution in alcohol has the familiar brown 
color. 

Its uses are mainly in the preparation 
of photographic chemicals, drugs, and dyes. 
The important thyroid gland in your neck 
needs tiny amounts of iodine in order to 
work properly. This iodine is supplied by 
certain foods, by iodized salt, and by drink¬ 
ing water. 

Magnesium. During World War II, 
the demand for the metal magnesium be- 

Fig. 5-24. This wheelbarrow made of 
an alloy of magnesium and aluminum 
is light and strong. (Courtesy Dow 
Chemical Co.) 
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came very great. As a result, huge plants 
were constructed in Texas, along the Gulf 
of Mexico, to remove this valuable natural 
resource from the sea. There are many 
steps involved in obtaining the pure metal. 
First ocean water is treated to extract the 
magnesium chloride found in it. This 
chemical is then melted and an electric cur¬ 
rent passed through it to release pure 
magnesium. 

Magnesium burns with an intensely 
hot flame and a bright light. This makes the 
metal valuable in the manufacture of “fire” 
bombs and in photographic flash bulbs. 
Magnesium alloys, especially mixtures of 
aluminum and magnesium, are very light 
and strong. Such alloys are widely used in 
the manufacture of many airplane parts and 
in lightweight furniture. 

Other magnesium compounds may be 
familiar to you under other names. Have 
you heard of Epsom salts, milk of mag¬ 
nesia, asbestos, and talcum? These are all 
magnesium compounds. 

SOME IMPORTANT MATERIALS 
FROM THE AIR 

Like most gases, air is invisible. How¬ 
ever, you know air is around you because of 
winds. Later in this book it will be shown 
that the invisible gases in the air are real 
substances that have weight and special 
properties. These substances in the air can 
be “mined” like those on the earth and in 
the sea. The main difference is that the air 
contains materials in the form of gases 
rather than as liquids and solids. 

You will remember that a gas is a 
substance whose molecules are far apart 
and in rapid motion. The air is composed 
of many such gases. Later in this book, you 



Fig. 5-25. When a substance is com¬ 
pressed , its molecules are squeezed 
together. 


will study some of the properties of these 
gases. Now we are concerned with how 
these gases are obtained and used in indus¬ 
try. 

The molecules in the air can be pushed 
together, or compressed , with pumps. If 
you have ever pumped up a basketball or 
bicycle tire, you were compressing the air. 
You may recall that the air you pumped 
became hot. In the process of “mining” 
the air, the compressed air is cooled and 
then compressed again. This is repeated 
over and over in a special machine so that 
the molecules in the air are slowed down 
and pushed together. Finally, the air be¬ 
comes a liquid—one which is most unusual 
in its behavior. 

The temperature of liquid air is hun¬ 
dreds of degrees below zero (approxi¬ 
mately —310° F.). It must be stored in spe¬ 
cial vacuum bottles to keep it from evapo¬ 
rating too fast. Liquid air is so cold that 
it will change almost any substance it 
touches. Rubber becomes as brittle as glass 
when immersed in liquid air. Mercury 
freezes so hard it can be used as a hammer. 
Alcohol freezes; lead becomes elastic. 

The most important materials in liquid 
air are the gases oxygen, nitrogen, argon, 
and neon. Each of these can be removed 
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by a special apparatus which extracts the 
gases as the temperature changes. Each 
product evaporates very rapidly, or boils, 
at a different temperature. It is this fact 
that allows the engineers to separate each 
gas from the others. 
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Fig. 5-26. Approximate composition 
of air at sea level. 

Oxygen. Oxygen makes up about 21 
per cent of the air. Without it you would 
die in a few minutes. In the pure form, 
oxygen is used to produce high tempera¬ 
tures in the oxyacetylene torch for cutting 
and welding steel. Photoflash lamps, used 
in photography, contain oxygen. In cases 
where a person’s breathing is inadequate, 
as in near-drownings and pneumonia, al¬ 
most pure oxygen from storage tanks is 
given to the patient. The conquest of 
Mt. Everest would not have been possible 
without the supply of oxygen which the 
climbers carried. Recently, liquid oxygen 
and gasoline mixtures have been used as 
a rocket fuel. 

Nitrogen. Almost four-fifths of the 
air is composed of nitrogen gas. Nitrogen 
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itself is not useful unless combined with 
other materials. If nitrogen obtained from 
liquid air is combined with hydrogen, am¬ 
monia is formed. This is a very valuable 
industrial chemical. It is used in making 
ice and household “ammonia.” Other nitro¬ 
gen compounds are very important because 
of their use in fertilizers, dry cells, and ex¬ 
plosives. 

Argon and Neon. Most of your elec¬ 
tric light bulbs are filled with a high per¬ 
centage of argon. This gas takes up almost 
1 per cent of the air. It is extracted from 
liquid air. It is valuable in light bulbs 
because it prevents the hot tungsten wire 
from evaporating and so preserves the life 
of the lamp. 

Neon is present in the air in tiny quan¬ 
tities. When removed from the air, it is 
used widely in advertising signs. If elec¬ 
tricity is passed through neon gas, it glows 
with a pleasant red light. Glass tubes are 
bent into letters or designs and filled with 
neon. When attached to an electric cur¬ 
rent, the sign lights up. Other gases, like 
mercury vapor and helium, will produce 
different colors. Mixtures of several gases 
are often used in signs. 

IMPORTANT MATERIALS FROM 
PLANTS AND ANIMALS 

We have already seen how the remains 
of ancient plants and animals provide us 
with coal, petroleum, and rocks such as 
limestone. We have also discovered the 
great value of animals and plants as foods. 
Now let us examine some of the industrial 
products obtained from these living things. 

Materials from Trees. The most 
common industrial product of trees is lum¬ 
ber. It is almost impossible to look around ' 
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Fig. 5-27. Some materials obtain 
from trees. 


MOLASSES 


without seeing wood. Housepand furniture, 
parts of ships, automobiles, And airplanes, 
and hundreds of other useful\articles ai^ 
made of wood. The varieties o\ wood are 
many, and each kind has its own particular 
beauty and use. The woods of evergreen 
trees like pine and fir are soft, and rtsually 
inexpensive. Trees like oak, maple\ and 
mahogany, on the other hand, produce 
harder woods for fine furniture. Wood pulp 
from pine and spruce trees is converted inti 
paper by the millions of tons each year. 

The liquid, or sap, which runs through 
the transportation system of a tree is often 
a source of useful raw materials. You prob¬ 
ably know of the maple sugar extracted 
from maple trees. Far more important, 
however, are the tremendous quantities 
of rubber, turpentine, tar, and resin ex¬ 
tracted from the sap of trees. From the 
bark of trees we obtain cork and tannin. 
Tannin is of great commercial importance 
in the treatment of leather and in making 
inks and dyes. Medicines like quinine and 
strychnine are tree products. Cellulose 
from trees is especially valuable. It is used 
in the manufacture of plastics, motion pic¬ 
ture film, and rayon. 
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Fig. 5-28. Tapping a 
rubber tree. Latex, the 
milky liquid from which 
rubber is made, flows for 
3 or 4 hours. 


Raw Materials from Other Plants. 
The number of useful materials obtained 
from plants other than trees is tremendous. 
We can list only some of the most important 
products here, together with their sources. 
This is a fine opportunity for research and 
reporting for individual members of a 
science class. 

Outstanding among plant products 
are textile materials such as cotton and 
linen. Artificial textiles like rayon also can 
be made from cotton or wood fibers. 

There are a great many drug products 
which are extracted from plants. Narcotics 
such as opium, morphine, and cocaine are 


plant products. Ephedrine for treating the 
symptoms of a cold, digitalis for heart con¬ 
ditions, and caffeine, which is a mild stimu¬ 
lant, are other plant materials. Penicillin, 
aureomycin, streptomycin, and other won¬ 
der drugs are manufactured from certain 
plants known as molds. There are hundreds 
of other drug products, such as senna and 
belladonna, which are derived from plants. 
In addition, toilet preparations like witch 
hazel and bay rum also come from plants. 

A common plant like corn may be the 
source of dozens of industrial materials. 
In addition to the cooking oils and salad 
dressings made from corn, this plant is used 
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to make mattresses, doll stuffing, uphol¬ 
stery, corn-cob pipes, adhesives, batteries, 
paints, powders, dyes, starches, building 
boards, fireworks, paper, and inks. 

The famous Negro chemist, George 
Washington Carver, prepared almost 200 
products from the peanut plant and hun¬ 
dreds of useful things such as inks, greases, 
plastics, and paints from plants like the 
sweet potato and soybean. The story of 
his scientific work is fascinating and would 
make an excellent biographical report for 
your science class. 

Raw Materials from Animals. We 
usually think of animals in connection with 
our food supply. However, the number of 
industrial products we get from animals is 
quite large. Let us see how some animal 
products enrich our lives. 

The wool from sheep, silk from silk¬ 
worms, and the hides (leather) and furs 
of hundreds of land and sea animals pro¬ 


vide us with much of our clothing. Indus¬ 
trial materials like shellac, glue, and fer¬ 
tilizers are other animal products. Pearls 
from oysters and the shells of other sea ani¬ 
mals are often used for jewelry and 
ornaments. 

Many of our valuable drugs are ob¬ 
tained from animal bodies. Adrenalin , 
which is used as a heart stimulant, comes 
from certain animal organs. Insulin , which 
is used for the control of diabetes, comes 
from the pancreas of cattle and hogs. A 
chemical which is extracted from the thy¬ 
roid glands of cattle and sheep is used in 
treating thyroid troubles in humans. You 
will recall from earlier cycles that chemi¬ 
cals used for vaccination against certain 
diseases are produced in the bodies of cattle 
and horses. You may be interested in re¬ 
porting to the class about the uses of such 
drugs as cortisone and ACTH, which are 
obtained from animals. 
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Of course, you believe that the earth is round. Not round and 
flat like a coin, but shaped like a ball or sphere. Why do you believe 
this? Is it because you have been taught to accept this fact at home or 
in school? Is it because you have seen models of the earth in the form 

of ball-shaped globes? 

Suppose you were asked to offer some proof that the earth is a 
ball. You could offer the evidence that airplanes have travelled out 
in one direction and returned to where they started from without turn¬ 
ing around. Ships have done the same. This must mean they were 
going around in a big circle. 

Another proof that the earth is round is the appearance of a ship 
as it comes over the horizon. First, the top of the smokestack is seen; 
then the upper decks. Finally, the body of the ship comes into view. If 
the ship were not coming over a curve, the whole thing would be seen 
all at once. If you are ever driving over flat country, notice how the 
buildings of an approaching city appear. First, you see the tops of tall 
towers or churches. Then the buildings themselves will appear. 

The shadow of the earth that is seen during an eclipse also proves 
that the earth is round. This kind of evidence has been used for cen¬ 
turies as proof of the shape of our world. 

Recently an experimental rocket was sent 158 miles up in the air. 
The rocket carried an automatic camera which photographed the earth s 
surface from the “top of the world." The result is the photograph you 
see on p. 199. Now there can be no more doubt about the shape of 
the earth. 

Our globe does not stand still. Let us see some of the ways in 
which it moves and how these movements affect our lives. 
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Fig. 5-29. This photo was token on May 24, 1954, from a height of about 150 
miles by an automatic camera attached to a rocket. It shows a large part of 
Texas and Mexico, and provides evidence that the earth is shaped like a ball. 
(U.S. Navy photo.) 
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Can you believe that as 
you sit in your chair and read this sentence 
you are traveling about 1000 miles per 
hour? Of course, you cannot feel yourself 
moving and you will never get a traffic 
ticket for this speed. Yet, this is the rate 
at which the earth is spinning around in 
the sky. 

THE EARTH ROTATES 
ON ITS AXIS 

Have you ever tried spinning a coin? 
If not, try it now. Notice that as the coin 
spins, a line seems to appear, running 
straight up and down. The coin looks as if 
it were spinning around this line, but if 
you stop the motion, you will see that the 
line was only imaginary and really did not 
exist. We call such a line an axis. 

The earth has such an imaginary line 
running through it from the North Pole to 
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the South Pole. The spinning motion 
around this axis is known as the earth’s 
rotation. How does this rotation affect our 
lives? 

Night and Day. As you see the sun 
rise in the east and set in the west, it is 
hard to believe that it isn’t the sun that is 
moving as we stand still. Really, the oppo¬ 
site is true. Hold an object like an orange 
or a ball about 2 feet in front of your face. 
Now, keep the object still while you turn 
your head to the right. Do you see that the 
orange seems to be moving to the left until 
it disappears? This is similar to the seem¬ 
ing motion of the sun as the earth turns. 

You can understand why we have 
night and day by obtaining a small globe 
and performing this experiment: Hold the 
globe about a foot away from the bulb of a 
table lamp and turn off the rest of the room 
lights. The light represents the sun and 
the small globe the earth. Do you see that 
the bulb lights up only half of the globe? 
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The cross-section drawing (above left) shows how a blast furnace works. At the left is a heating 
stove. Hot air comes out of it near the bottom and is blown into the blast furnace at the right. The 
furnace is made of steel and lined with heat-resistant brick. The loaded skip car travels up the 
gray track on the left behind the stove to the top of the furnace. There it dumps into the fur¬ 
nace the three kinds of raw materials most important in making iron. The hot air rushes upward, 
making the coke burn at terrific heat. Gradually the iron melts from the ore and forms into drops 
which trickle to the bottom of the furnace. Meanwhile, the limestone joins with the impurities to 
form a scum called slag. Slag is lighter than molten iron and floats on top of the hot metal. Every 
six hours the iron is run from the furnace into a big bucket called a ladle. The slag is drawn off 
separately. Cycle 5. (Courtesy U.S. Steel Corp.) 

To make steel in the Bessemer converter (above right), the converter is tipped on its side, and 
molten iron is charged into its mouth. Then a powerful blast of air is blown through the molten 
iron in the converter. The air enters through many holes in the bottom of the furnace. Oxygen in 
the air makes impurities in the hot iron catch on fire. Then flames and smoke roar from the 
mouth of the converter. After 10 to 15 minutes, the impurities are burned out of the iron, small 
amounts of other metals are added, and steel is produced. The converter is tipped forward and 
the hot steel runs into a big ladle. Cycle 5. (Courtesy U.S. Steel Corp.) 


Steel is used in the construction of heavy-duty bridges such as the George Washington bridge, 
which spans the Hudson River between New York and New Jersey. Cycle 5, Prob. 1. (Courtesy 

Steelways Magazine.) 
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Fig. 5-30. The earth rotates (spins) 
on an imaginary line or axis. The axis 
is slanted so that it makes an angle of 
23% degrees with a vertical line. 

DIRECTION 



DAWN 


Fig. 5-31. Night and day are caused 
by the rotation of the earth. Here is 
a view of the earth , looking down at 
the North Pole. (Imagine that you 
are in an airplane high above the 
earth.) 


Now, put a piece of clay on the city 
in which you live. Turn the globe so that 
the piece of clay just passes from light into 
darkness. This is the time of day we call 
dusk. Now, continue to turn and your city 
has gone into night. As you turn the globe 
further, the clay comes back into daylight. 
When the city first emerges we have dawn. 
When the sun is directly overhead we have 
noon. The complete trip taken by the earth 
on its axis takes a whole day. In other 
words, any point on the surface of the 
earth comes back to the same position every 
24 hours. Since the circumference of the 
earth at the equator is about 25,000 miles, 
you can see that the earth must be traveling 
more than 1,000 miles per hour there. 

The length of night and day is not 
always the same. We will see the reasons 
for this later on. First, let us examine still 
another movment of the earth. 

THE EARTH REVOLVES 
AS IT ROTATES 

In addition to spinning on its axis, the 
earth also moves around the sun in an al¬ 
most circular path. This path is called an 
orbit. The diagram in Fig. 5-32 will help 
you to understand this movment. This sim¬ 
ple demonstration will also help you: Pre¬ 
tend that the center desk in your classroom 
is the sun. Now ask a volunteer to move 
around the classroom imitating the move¬ 
ment of the earth. Pick someone for this 
job who has imagination, and, perhaps, 
some experience in dancing. This wqjald 
be helpful because your “earth” will have 
to move around the room in a big circle 
while spinning at the same time. You know 
that the spinning motion is called rotation. 
The other motion is called revolution. 
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Fig. 5-32. The earth re¬ 
volves (moves in a path) 
around the sun. The 
length of time this takes 
is 365/4 days or one year. 


The time it takes for the earth to make 
a complete revolution about the sun is 
known as a year. A full year is about 365)4 
days. For convenience, we consider a year 
to be 365 days long. Every four years, how¬ 
ever, we must add up our four extra 
quarters and add another day to February. 
This fourth year is called a leap year. 

The Axis Is on a Slant. As the earth 
revolves around the sun, the axis upon 
which it spins does not go straight up and 
down. Instead it is tipped over slightly, so 
that it makes an angle of 23/2 degrees with 
a vertical line. Look at the diagram in 
Fig. 5-30 to see this angle. 

This tilt may seem unimportant to you, 
but it affects our life on earth a great deal. 
It is this slant of the earth’s axis that 
changes the length of night and day, and 
also causes the changes in our seasons. 

It is very difficult to understand why 
the seasons change and why the nights 
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become shorter or longer, without the help 
of a diagram or the use of a globe. You 
may have to study the diagrams in this sec¬ 
tion several times while you read the ex¬ 
planations. It would also be wise for you 
to discuss some of these ideas with your 
classmates, parents, and teachers. 

Length of Day and Night. No mat¬ 
ter where the earth may be in its journey 
around the sun, the axis always points to 
the same place in the sky. Northward, 
this point is the North Star. Think of what 
this means as you look at Fig. 5-33 and 
Fig. 5-34. Do you see that this means that 
sometimes the North Pole is tilted toward 
the sun and sometimes it is tilted away? 
Pretend that you are at the North Pole 
when it is tilted toward the sun at about 
June 21st. Now imagine that the earth is 
rotating. Do you see that the North Pole 
will never go into the shadow while the 
earth is in this position? This is why the 
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Fig. 5-33. On June 21 the Northern 
Hemisphere gets the direct rays of 
the sun and starts its summer. Days 
are longer than the nights, north of 
the equator. 


Fig. 5-34. On December 21 the 
Southern Hemisphere gets the direct 
rays of the sun and starts its summer. 
Days are shorter than the nights north 
of the equator. South of the equator , 
days are longer than the nights. 


Fig. 5-35. On March 21 (start of 
spring) and on September 23 (start of 
fall) the direct rays of the sun strike 
the equator. Days and nights are 
equal in length all over the earth. 

Arctic region is called “the land of the mid¬ 
night sun.” For several months of the year, 
there is sunlight 24 hours a day. 

Now suppose that you move down 
from the North Pole to a latitude of about 

HOW DO THE MOVEMENTS OF THE EARTH 



40°, still at about June 21st. You may 
remember from your study of geography 
that this is about the latitude of New York 
City. Imagine that the earth is rotating 
again. Notice that New York City will 

AFFECT US? 
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have to travel through a greater amount of 
sunshine than of darkness. This means 
that the days will be longer than the nights. 
If the axis were not tilted, the nights and 
days would be equal in length. 

If you have a globe, set it up near a 
light bulb and try out the positions for 
June 21, September 23, December 21, and 
March 21 shown in the diagram. Use a 
piece of clay to mark your city and compare 
the length of night and day in all four 
positions, as you slowly rotate the earth. 

Reasons for the Seasons. Again you 
will have to look at a globe or the diagrams 
on p. 203. First look at the diagram which 
shows the position marked June 21st. If 
your city is New York City, or is in the 
Northern Hemisphere, you will see that the 
rays coming from the sun seem to be going 
almost directly to this area. These direct 
rays mean that the sun’s heat will be 
stronger and your city will be having its 
summer. 

You can understand that the rays are 
stronger and hotter when they are direct 
by performing a simple experiment. All 
you will need is a flashlight, a piece of 
cardboard, and a friend. Ask your friend 
to hold the cardboard up straight while you 
point the flashlight at the surface. Now, 
have your friend tilt the cardboard back¬ 
wards slowly. Notice that the area covered 
by your flashlight becomes larger and the 
light gets dimmer. Now the rays are not 
direct but slanted, or indirect. The light 
is not as strong. 

Let us go back again to Fig. 5-34. 
Look for the December 21st position of the 
earth. Do you see that the rays going to 
New York or to any other city in the North¬ 
ern Hemisphere are slanted or indirect? 
This means that the sun’s rays are not very 


strong. New York, therefore, is having its 
winter. How about Spring and Autumn, 
March 21, and September 23? In these 
positions the axis is neither pointed toward 
the sun nor away. The rays from the sun 
are in a medium position and the mild 
spring and autumn seasons result. 

Unfinished Business. There are still 
a few questions left unanswered. What 
happens to the cities in the Southern Hem¬ 
isphere while we are having our summer? 
How about the distance of the earth from 
the sun? Does this affect the temperature? 
Here are the answers. 

The cities below the equator are tilted 
away from the sun while we are tilted 
toward the sun. This means that they ex¬ 
perience winter while we are having our 
summer. Did you ever notice that tennis 
matches are held in Australia while we may 
be shivering at a football game in the 
middle of December? This is because our 
seasons are reversed. 

We usually think of our distance from 
the sun as being an average of 93 million 
miles. The orbit of the earth is not a per¬ 
fect circle, and hence, we are sometimes 
closer to the sun by millions of miles. Being 
closer to the sun does not affect the seasons, 
however. In fact, we in the Northern Hem¬ 
isphere are closer to the sun in winter. 

It isn’t only the directness of the sun’s 
rays that make our summers hot. In addi¬ 
tion, the days are longer during this season 
of the year. This means that the sun warms 
the earth for a longer period each day. 

THE MAP OF THE WORLD 

If your house were on fire, you might 
pull the alarm on the nearest corner. This 
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would tell the fireman to drive to Elm St. 
and Maple Ave., the place where the alarm 
box is located. From there you could tell 
the engines where to go. Or you might 
telephone directly, giving your location. 
But suppose you were sailing somewhere 
in the middle of the sea. You could call 
for help by radio if a fire broke out, but 
where would you ask the rescue ships to 
come? There are no streets or avenues 
on the ocean. How, then, can we locate 
a place we are looking for? 

Since the earth is ball-shaped, a map 
of the world must be laid out on a globe. 
This globe is then divided up to provide 
the “streets” and “avenues” of the world. 



Fig. 5-36. Parallels of latitude circle 
the earth from east to west, parallel 
to the equator. 

Latitude and Longitude. In measur¬ 
ing distances along a circle, the scientist 
uses the units known as degrees (°). The 
number of degrees in a complete circle, 


no mattter how large or small, is always 
360. Half of a circle, then, would have 
180°. A quarter of a circle has 90°. This 
system of measurement is very helpful in 
locating places on the earth. 

Look at the diagram of the globe (Fig. 
5-36). The circle drawn around the center 
of the earth from west to east is called the 
equator. This cuts the earth into two parts, 
a Northern Hemisphere and a Southern 
Hemisphere. 

The equator is taken as zero degrees, 
or 0°. Now let us draw 16 circles parallel 
with the equator to divide up the Northern 
and Southern hemisphere into equal parts. 
Each circle would measure ten degrees, 
north or south, depending on which half of 
the earth you were looking at. How about 
the 90° mark? This would be at the North 
Pole and South Pole, just at the points 
where the imaginary axis of the earth 
comes through the surface. 

The distance from the equator to any 
one of the circles we have drawn is meas¬ 
ured in degrees of latitude. If you were 
at the third circle up, for example, your 
latitude would be 30° north. If you were 
five circles down, your latitude would be 
50° south. What would your latitude be 
at the South Pole? 

Now you can locate any place on the 
earth in a north and south direction. How 
about east and west? For this we must 
draw another line along the earth’s surface. 
This line runs from the North Pole to the 
South Pole and crosses all of our circles 
of latitude. All the countries of the world 
have agreed that such a line passing 
through a place called Greenwich in Eng¬ 
land will be known as the zero degree line. 
This line is also called the prime meridian. 
Now we can draw other meridians running 
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Fig. 5-37. Meridians of longitude run 
from the North Pole to the South Pole. 
Not all the meridians could be shown 
on this drawing. The prime meridian 
runs through Greenwich, England. 
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Fig. 5-38. This globe shows latitude 
and longitude lines. Can you locate 
the position of your city or town on 
such a globe? 


up and down the globe. If we divide the 
earth with 36 such lines, each one will be 
equivalent to 10°. Now, as we move west 
one line, we say that the location is 10° 
west longitude. The longitude is the dis¬ 


tance from the prime or 0°, meridian. If 
we move three lines to the east, our longi¬ 
tude is 30° east, and so on. 

Where Do You Live? You can now 
locate your position on the earth. If you 
live in Cleveland, for example, your lati¬ 
tude is about 42° north. Your longitude is 
about 82° west. New York City is approxi¬ 
mately 41 north latitude and 74° west 
longitude. Look at a globe or a map of the 
United States. Can you find your location 
in degrees? For more exact locations, sci¬ 
entists divide each degree into 60 parts 
called minutes. Each minute is divided 
into 60 seconds. 

The Earth Is Divided into Zones. 
Around the equator, the sun’s rays are al¬ 
ways direct or nearly direct, and the tem¬ 
perature is always high. Temperatures 
drop as you travel north or south of the 
equator. The earth is divided by certain 
latitude lines into zones which tell us some¬ 
thing of the climate in the area. 

A circle drawn 23/2° above the equator 
is called the Tropic of Cancer. At the same 
distance below the equator the circle drawn 
is called the Tropic of Capricorn. The re¬ 
gion between these two circles is known 
as the Torrid Zone, because the tempera¬ 
tures here are so hot. ’Most of the steaming 
jungles of the world are found in this zone. 

Two circles are also drawn 23&° from 
each pole. The northern circle is called the 
Arctic Circle. The southern one is the Ant¬ 
arctic Circle. 

The area between the Arctic Circle 
and the Tropic of Cancer is called the 
North Temperate Zone because the tem¬ 
peratures are medium or moderate. The 
South Temperate Zone lies between the 
Tropic of Capricorn and the Antarctic 
Circle. 
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The zone between the Arctic Circle 
and the North Pole is always cold. The 
sun’s rays reaching this area are always 
slanted. This region is called the North 
Frigid Zone. Frigid means cold. How 
about the southernmost zone? Of course, 
this is the South Frigid Zone, equally cold. 

The zone in which you live is deter¬ 
mined by your latitude. The climate of 
that zone depends in large measure on the 
sun’s heat. You have seen how the sun 
affects your life. Now, let us turn to an¬ 
other neighbor in the sky to see what 
changes it brings about on our earth. 


THE MOON AFFECTS 
YOUR LIFE 

It seems hard to believe that the moon, 
a giant ball of rock circling around the 
earth about one quarter of a million miles 
away, could affect our lives. 

The moon is our closest neighbor in 
space. The diameter of the moon is only 
about 2,000 miles. This makes the moon 
very small as heavenly bodies go. It appears 
fairly large in the sky only because it is 
so near. 

Can you think of what it would be like 
to live on the moon, or even to visit there? 
There is no air, no water, no soil, no grass, 
no sound on the moon. There is no life as 
we know it. One side of the moon is broil¬ 
ing hot. The other is freezing cold. The 
surface of this ball of rock is irregular. 
Giant mountains and tremendous craters 
dot the moon’s surface. It would certainly 
be difficult to enjoy life on the moon, even 
if you brought along enough food and 
oxygen to keep you alive. 

The Moon Does Not Always Look 
the Same. There are only two reasons why 



Fig. 5-39. Photo of the full moon as 
seen through a telescope. (Courtesy 
Mt. Wilson and Palomar Observa¬ 
tories.) 

Fig. 5-40. Photo of the moon at last 
quarter as seen through a telescope. 
(Courtesy Mt. Wilson and Palomar 
Observatories.) 










an object can be seen. Either the object 
is so hot that it gives off its own light, or 
the object reflects light which is reaching it 
from another source. In the case of the 
moon, we can see it only because it reflects, 
or bounces back, light from the sun. 

The full moon in the evening sky is 
a beautiful sight. Many poems and ro¬ 
mantic songs have been written about it 
and the light it sheds. But the moon is not 
always full. Sometimes it is just a thin 
sliver. At other times you can see no moon 
at all. Why? 

Just as the earth circles around the 
sun, the moon circles around the earth. A 
complete trip of the moon in its orbit takes 
about 28 days. As its position changes from 
day to day, the amount of the lighted sur¬ 
face of the moon that can be seen from the 
earth will vary. This can best be under¬ 
stood by looking at the diagram in Fig. 
5-41. Imagine yourself on the earth, in the 
center. Do you see that when the moon is 
at the far end, it will appear full? With the 
new moon, no moonlight can be seen. 

The different appearances of the moon 
are called the moon’s phases. These start 
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with the new moon, where nothing is 
seen. More is seen of the moon gradually 
each night until, about 14 nights later, a 
full moon can be seen. This period of ap¬ 
parent increase in the moon’s size is called 
the waxing of the moon. The moon seems 
to get smaller in size after the full moon 
for about 14 nights until the new moon 
phase again arrives. This period of apparent 
decreasing size is called the waning of the 
moon. The actual time from full moon to 
full moon is 2914 days. Many groups of 
people, such as the Hebrews and the Amer¬ 
ican Indians, used the moon’s phases as the 
basis for their calendars. A complete cycle 
from full moon to full moon was called a 
“moon” or a “month.” 

The Moon Causes the Tides. If you 
have ever gone fishing in the ocean or in a 
bay, you know that the tides are important. 
How is this change in the level of the water 
brought about? The answer has to do with 
the moon. 

You may have heard of the force of 
gravity. This refers to the invisible pull that 
all things in the universe have for each 
other. Gravity is the force that makes 




(Fig. 5-41. The sun lights 
up half of the moon. The 
amount of the lighted 
surface of the moon that 
can be seen from the 
earth will vary during 
the month. It takes the 
moon about a month to 
travel around the earth. 











Fig. 5-42. The moon and 
the sun make the ocean 
waters rise and fall, caus¬ 
ing tides. Because the 
moon is much nearer to 
the earth, it has greater 
pull than the sun. When 
the moon and the sun 
are in a straight line, 
they pull together and 
cause very high tides. 
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things fall to the ground and prevents you 
from flying off into space. 

Since the moon is a fairly large body 
which is close to us, its gravitational pull 
has an effect upon the waters of the earth. 
Again we must look at a diagram to under¬ 
stand the reasons for the tides. See the 
picture in Fig. 5-42. The pull of the moon 
causes the ocean waters to bulge up on one 
side of the earth. Strangely enough, the 
water will always bunch up the same way 
on the other side of the earth. Scientists 
explain this by saying that the land on the 
far side of the globe is being pulled away 
from the water there, leaving the water 
behind. 

As the earth rotates, different portions 
move into regions of high water and low 
water. The tide rises for about six hours 
and then falls for another six hours. Thus, 
any place along the coast will have two 
high tides and two low tides in a 24-hour 
period. Actually, the time of high tide is 
later each day by about 50 minutes. This 


is because the moon is moving around the 
earth and changes its position in the sky a 
little each day. 

In certain places the formation of the 
seacoast makes the water pile up on itself, 
and the level of the tide may be very high. 
Such a place is the Bay of Fundy in Nova 
Scotia. Here the waters often rush in to 
a height of more than fifty feet. 

The sun also has a gravitational pull 
on the waters of the earth and also affects 
the tides. However, the distance of the sun 
(93,000,000 miles) is so much greater than 
that of the moon that it has a much smaller 
effect. When the sun and the moon pull on 
the tides together, we have unusually high 
tides. At other times, the sun’s pull can¬ 
cels that of the moon to some extent. Then 
the tides are neither very high nor very 
low. 

Eclipses of the Moon. The earth 
goes around the sun and the moon goes 
around the earth. Fortunately, none of 
these heavenly bodies actually collide. 
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I'jo. 5 . 4 . 3 . Try this experiment. Use a projection lantern for the sun, a small 
"lobe for the earth, and a tennis hall for the moon. Suspend the "moon” by a 
thread. .\. Eclipse of the moon; the moon cannot be seen when it passes into 
the earth s shadow, li: Eclipse of the sun; the sun cannot be seen when the 
moon’s shadow blocks its rays. 


However, the moon and the earth get in 
each other’s way, in a sense, by obstruct¬ 
ing the light from the sun occasionally. 

You will remember that we see the 
moon only because it reflects light from the 
sun. Usually at the time of the full moon, 
the sun’s light passes above or below the 
earth and has no trouble reaching the moon 
and reflecting back to us. But occasionally, 
the earth gets in the way of the sun’s rays. 
Then we have an eclipse of the moon. As 
the moon moves into the shadow of the 
earth, it darkens to a dull red. It doesn’t 
black out completely, because some light 
creeps around the outside of the earth. The 
eclipse lasts about two hours and then 
the moon slowly turns back to its golden 
yellow color. The diagram in Fig. 5-43 
shows the moon being eclipsed. 

The Sun Can Be Eclipsed. The 
moon’s eclipse can only take place at the 
time of full moon. During this phase, the 
moon and sun are at opposite sides of the 
earth. At the time of the new moon, how¬ 
ever, the moon comes between the earth 
and the sun. This means that the moon can 
actually hide some of the sun’s light and 


can cast a shadow. Most of the time this 
shadow falls into space and we cannot see 
it. Occasionally, however, the shadow falls 
on the earth’s surface and we experience 
an eclipse of the sun. 

At the time of a total eclipse of the sun, 
all of the sun’s light is hidden by the moon. 
Even though the sun is so much larger than 
the moon, it can be completely blacked out. 
This is because the moon is so much closer 
to us. You can understand this by holding 
a marble or a coin about two inches in front 
of your eye. Do you see how the small 
object can completely hide a much larger 
object which is further away? 

Scientists can predict the occurrence 
of eclipses with great accuracy many years 
in advance. Not only is the time of the 
eclipse known beforehand, but also the 
places on the earth where it can be seen. 
Scientific expeditions are set up in these 
locations. Many telescopes, cameras and 
measuring instruments are used to make a 
record of the sky during the eclipse. In 
this way more information about the sun, 
the moon, and other heavenly bodies is 
obtained. 
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HOW IS TIME MEASURED? vary? What has the earth’s rotation to do 

with time? 

If someone should ask you for the cor- How Long Is a Day? Have you ever 

rect time, would you suspect that you taken a ride on a merry-go-round on which 
answer depends upon the rotation of the you reach up for a brass ring? How can 
earth? In fact, if you should say that it is you tell when you have made a complete 
six o’clock, your answer is only true for the spin and how long it took? This is a simple 
place in which you live. Several hundred question to answer. You know that you 
miles away, it may be five o’clock, or per- have made a full turn every time you reach 
haps seven o’clock, depending upon the the ring chute. If you looked at the second 
direction. Have you ever seen a news hand of your watch you could easily find 
broadcast from a radio or television “news- out how long it takes to go around, 
room”? Usually there are several clocks on The earth is like a merry-go-round, 

the wall, each giving the time in an im- How could you find out how long it takes 
portant world capital. Why does the time to make a complete spin? This would be 


Fig. 5-44. Time zones of North America. 





an impossible problem if you could not look 
at some object in space. Fortunately, we 
have such an object — our sun. If you check 
the time at which the sun is directly over¬ 
head and compare it with the same position 
the following day, 24 hours will have gone 
by. This tells us that the earth makes a 
complete rotation every 24 hours. We call 
this a “day.” Of course, the length of the 
day existed millions of years before men 
agreed to divide it into 24 hours. 

The Time Zones. When the sun is 
directly overhead, we say that it is noon. 
You can easily see that noon cannot occur 
in two widely separated cities, like Phila¬ 
delphia and San Francisco, at the same 
time. The sun is overhead in California 
three hours later than in Philadelphia. For 
this reason a conference was held in Wash¬ 
ington, D C., in 1884 to establish certain 
time zones. The nations of the world agreed 
to divide the globe into 24 equal sections. 
Each of these sections is called a time zone. 
The time in each zone is one hour earlier 
or later than that in the neighboring zone, 
depending on whether you are going west 
or east. 

How wide is each zone? You will re¬ 
member that our globe has 360° of longi¬ 
tude. If we divide this number by 24, the 
width of each zone turns out to be 15°. 
Look at the diagram in Fig. 5-37 to see how 
these divisions are made. 

The meridian passing through Green¬ 
wich is again used as the starting point. 
Notice that as you move west from this 
point, it becomes an hour earlier for each 
15° of longitude. As you move east, an hour 
is added in each time zone. The United 
States is divided into four time zones. These 
do not follow the longitude lines exactly, 
but zigzag in order to follow state bound- 



Fig. 5-45. The International Date Line. 

aries and natural features like mountains. 
Look at the diagram in Fig. 5-44. 

Part of the agreement of 1884 estab¬ 
lished the 180° meridian as the Interna¬ 
tional Date Line. This is exactly on the 
opposite side of the earth from the prime 
meridian, or 12 hours away. Suppose it is 
10 a.m., Saturday, at Greenwich. If you 
travel west along the globe it is 10 p.m., 
Friday, on the 180° line. For the person 
who travels eastward it is 10 p.m., Saturday, 
on the 180° line. 

To avoid confusion it has been agreed 
that when this line is crossed from east to 
west the date must be advanced one day. 
Thus if you were on a ship traveling from 
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the United States to Japan it would be 
Friday on the right (east) side of the line 
and Saturday on the left (west) side of the 
line. When crossing the line in an easterly 
direction, the date must be set back one 
day. 

The International Date Line does not 
follow the 180° meridian exactly. It swerves 
around several Pacific Islands so that the 
peoples of these islands will all observe the 
same date. 

Daylight Saving Time. Many states 
and cities are in the habit of setting their 
clocks ahead one hour during the spring 
and summer months. This is because, in the 
Northern Hemisphere, the days are longer 
than the nights. The sun rises earlier and 
sets later than in the autumn and winter. 


If you usually get up at 7 a.m. you now will 
be getting up at 6 a.m. but your clock will 
read 7 a.m. This gives you an extra hour 
of daylight for work or play. It also means 
that your lights will be turned on one hour 
later each day and so electricity is saved. 

During World War II, our country 
went on Daylight Saving Time to conserve 
electric power. Most cities, since then, have 
continued to set their clock ahead in the 
spring. The clocks are set back again in 
September or October as the city returns 
to Standard Time. To avoid confusion, 
trains which run from city to city remain 
on standard time all year. Timetables usu¬ 
ally emphasize this fact, so that people can 
allow for any time difference which may 
exist in making train connections. 


HOW DO THE MOVEMENTS OF THE EARTH 


AFFECT US? 
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On the top of lonely Mount Palomar in California stands the 
world’s largest “eye.” This is the giant Hale telescope, which is used 
for observing and photographing heavenly bodies. The history of the 
construction of this tremendous instrument reflects great credit upon 
American scientific and engineering skill. 

Plans for the telescope were first outlined by Dr. George E. Hale, 
a noted astronomer, in 1928. An astronomer is a scientist who special¬ 
izes in the study of the heavens. It was not until 1950, however, twenty 
two years later, that the “eye” was opened for business. You can appre¬ 
ciate the reason for the delay by looking at some of the construction 
problems. 

The heart of the Hale telescope is a mirror that is 200 inches, 
or almost 17 feet, in diameter. The mirror had to be made of special 
glass that would not expand or contract too easily as the temperature 
changed. After much experimenting, the Corning Glass Works in 
New York State undertook to mold the mirror out of its patented Pyrex 
glass. The first attempt met with an accident and was a failure. The 
second pouring was successful and the melted glass was cooled very 
slowly for months so that no cracks would develop. Finally, when the 
glass had cooled it was ready for grinding. 

A special railroad car had to be built to carry the fragile, 20-ton 
piece of glass to California. The car was too large to fit through rail¬ 
road tunnels and a special route had to be laid out for the train. In 
1936, the glass arrived in California, and the job of hollowing out 
the surface was started. More than 5 tons of material were ground 
away from the flat glass. The grinding went on until 1941, when it 
was interrupted by World War II. After the war, the work was 
continued. 

In 1950, the telescope was completed. Its mirror was the most 
nearly perfect surface ever made by man. No part of its great surface 
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was more than one millionth of an inch out of line. Special equipment 
had been constructed to mount the mirror so that it could be turned 
to any part of the sky. This job alone took many years. 

Why was almost 7 million dollars and so much work devoted to 
this project? To help satisfy our curiosity about the world in which 
we live. We want to know more about our universe: its size, its 
shape, how old it is, how long it will go on. We want to know more 
about the earth’s neighbors in outer space. Perhaps the Hale telescope 
will reveal some of these secrets. 


Pig. 5-46. The 200-inch Pyrex glass disk on the polishing machine in Pasadena, 
California. Later it became the most important part of the world’s largest tele¬ 
scope. (Courtesy Mt. Wilson and Palomar Observatories.) 














What is the place of 


in the universe .' 


7 



For many thousands of 
years, men have been fascinated by the 
heavenly bodies moving about in the sky. 
For most of this time, the earth was consid¬ 
ered to be the center of everything in the 
universe. The sun, the moon, and the stars 
were thought to have been put into the 
heavens to revolve about the earth. It 
wasn’t until the heavens were explored with 
telescopes that scientists were able to con¬ 
struct a more accurate picture of our uni¬ 
verse. In 1543, Nicolas Copernicus, a Polish 
astronomer, startled the scientific world 
with a book that presented evidence to 
show that the sun was at the center of a 
family of heavenly bodies known as the 
planets. He showed that the sun, and not 
the earth, is the center of the solar system 
and that the earth was only one of several 
planets. 

It is interesting to note that some of the 
ancient Greeks, in particular Pythagoras 
(582-500 b.c. ), also believed that the earth 


moved around the sun. However, they 
could not furnish enough facts or evidence 
to back up their belief. 

It is also interesting to note that very 
few people wanted to accept the conclu¬ 
sion of Copernicus, and other astronomers 
who came after him, that the earth was not 
the center of the universe. Some of these 
early scientists were jailed and in other 
ways severely punished for daring to be¬ 
lieve something that was so unpopular. It 
took a few hundred years to get the idea of 
the solar system of Copernicus accepted 
by most people. 

THE SUN S FAMILY 

The word “planet” comes from a Greek 
word meaning “wanderer.” The planets 
were known to the ancient star gazers be¬ 
cause their wandering movements were 
different from those of the stars, which they 
seemed to resemble. The planets changed 
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Fig. 5-47. The solar sys¬ 
tem. The nine planets 
rotate in the same direc¬ 
tion as they revolve 
around the sun. This 
drawing could not be 
drawn to scale because 
the page of this book is 
not large enough. 


NE 



their position in the sky much more than 
the stars. Now we know that there are nine 
planets which revolve around the sun in 
almost circular orbits. Our planet earth 
is one of these nine. 

The diagram (Fig. 5-47) shows you 
that there are two planets closer to the sun 


than the earth. There are six planets farther 
away. Let us examine some of the most 
important facts about the sun’s family. 

The Planets. Moving outward from 
the sun we first see the planet Mercury. 
This is the smallest of all the planets and 
also the fastest in its movement around the 


SOME INFORMATION ABOUT PLANETS 


Planet 

Diameter 
(in miles) 

Distance from Sun 
(in millions of 
miles) 

Time It Takes to 
Revolve Around the Sun 

Number 
of Moons 

Mercury 

2,700 

36 

88 days 

0 

Venus 

7,800 

67 

225 days 

0 

Earth 

8,000 

93 

365 days 

1 

Mars 

4,300 

141 

687 days 

2 

Jupiter 

87,000 

483 

12 years 

12 

Saturn 

72,000 

886 

29 years 

9 

Uranus 

35,000 

1,782 

84 years 

5 

Neptune 

32,000 

2,793 

165 years 

2 

-- -- 

Pluto* ' 

? (rather 
small) 

3,567 

248 years 

? 


1 Recent evidence indicates that Pluto may be a moon rather than a planet. 





























Fig. 5-48. Photo of a portion of Venus , 
showing reflected light from the sun. 

This is the way it looks through a 
100-inch telescope. (Courtesy Mt. 

Wilson and Palomar Observatories.) 

sun. Mercury was the god of speed to an¬ 
cient peoples. Can you see how this planet 
got its name? 

The next planet we come to is some¬ 
times called the sister of the earth. This is 
Venus, which was named after the goddess 
of beauty because it often appears so bright 
in the sky. If you look at the table on p. 
217, you will see how close in size Venus is 
to the earth. It goes around the sun in 225 
days. This makes the length of a year on 
Venus shorter than our own. 

The planet Earth is the first member 
of the family to have a little follower. This, 
of course, is our moon. Another name for 
a moon is a satellite. You can check what 
you have already learned about the earth’s 
size, speed, and distance from the sun by 
looking at the table. 

As we travel out into space, away from 
the sun, the next body we reach is Mars. 
Mars is smaller than the earth and takes 
almost twice as long to circle around the 
sun. This planet is perhaps the most inter¬ 


esting of all. Giant telescopes have shown 
that the planet goes through seasons like 
the earth. With the change of these seasons, 
the colors on the planet also change. The 
green areas on Mars have led some to be¬ 
lieve that there is plant life on Mars which 
becomes green in the spring and brown in 
the fall. There is no real proof of animal 
life on Mars, but the idea certainly excites 
our imaginations. Notice that Mars has two 
moons. 

The largest of all the “children” of the 
sun is giant Jupiter. It is larger than all 
of the other planets, with a diameter more 
than ten times that of the earth. Jupiter 
spins on its axis very rapidly and makes 
one rotation in less than 10 hours. Four 
of the moons of Jupiter are large and 
bright. They were first discovered by the 
famous Italian scientist, Galileo, with a 
crude telescope. Now we know Jupiter 
to have 12 moons, 8 of which are less 
than 100 miles wide. 

You probably have seen drawings of a 
planet surrounded by rings. This is the 
striking planet Saturn. Saturn is also a large 
planet, and it can be seen in the sky with¬ 
out a telescope. The three rings are thought 
to be made of many small particles. They 
may be the result of the explosion of moons 
which may have circled the planet at one 
time. In addition to the 3 rings, Saturn 
also has 9 moons. 

Uranus, Neptune, and Pluto are the 
outermost planets. They can only be seen 
with a telescope, and were discovered 
within the last 200 years. Pluto was discov¬ 
ered in 1930. These planets take a very long 
time to make one revolution about the sun. 
One “year” on Pluto, for example, is equal 
to almost 250 of our years on earth. The 
table of planets will tell you some other 
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interesting facts about these heavenly 
bodies. 

The sun and its planets, together with 
their satellites, are all members of the solar 
system. There are some other members of 
this family which are quite interesting. 

Other Bodies in the Solar System. 
Between the orbits of Mars and Jupiter, 
there is an especially large space. Perhaps, 
at one time, another planet circled around 
the sun in this region. Now there are about 
1,500 small planets in this area which are 
known as the planetoids or asteroids. These 
are all rather small, the largest being about 
500 miles in diameter. It seems very likely 
that the planetoids are the remains of a 
planet which exploded millions of years 
ago. 

Comets are also members of the solar 
system. These consist of a brightly glowing 
head and a tremendously long tail stretch¬ 
ing out behind. The head is thought to be 
made of a mass of solid particles. The tails 
are made of very fine gases and dust. In 
1910, the earth passed without any effect, 


through the tail of the famous Halley’s 
comet. 

The path of a comet is not a true circle 
around the sun. Instead, it travels around 
in a long path called an ellipse, way out 
into space, often even beyond the orbit of 
Pluto. Comets are usually seen only with 
a telescope. Astronomers predict that Hal¬ 
ley’s comet, which was very close to the 
Earth and spectacular, will return again in 
1986. 

Have you ever seen a “shooting star”? 
These are not stars at all but meteors. A 
meteor is a piece of solid material from 
out of space which enters the earth’s atmos¬ 
phere. Because of the atmosphere, most 
meteors burn up completely before they 
reach the ground. Of the hundreds of mil¬ 
lions of meteors which enter the atmos¬ 
phere daily, very few ever land. When one 
does, we call the object a meteorite. There 
has only been one case in recorded history 
where a meteorite struck a person. This 
happened in December, 1954, in a town 
near Birmingham, Alabama. A ten pound, 



MARS JUPITER 



Fig. 5-49. Mars , Jupiter, 
and Saturn as seen 
through a 100-inch tele¬ 
scope. Pluto as seen 
through the worlds larg¬ 
est — the 200-inch tele¬ 
scope. (Courtesy Mi. 
Wilson and Palomar Ob¬ 
servatories.) 
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Fig. 5-50. A photo, taken 
from an airplane, of a 
great hole about a mile 
across and 600 feet deep 
that was dug by a giant 
meteorite long ago. This 
hole, called Meteor Cra¬ 
ter, is near Winslow, Ari¬ 
zona. (Courtesy Trans 
World Airlines, Inc.) 


seven inch meteorite crashed through the 
roof of a home and struck Mrs. Hewlett 
Hodges a glancing blow. She suffered only 
bruises of her side and hand. 

In Arizona, there is a large crater about 
three-quarters of a mile wide and 600 feet 
deep. This is believed to have been made 
by a giant meteorite which struck the earth 
thousands of years ago. A very large me¬ 
teorite, brought from Greenland and weigh¬ 
ing 36 tons, may be seen in the Hayden 
Planetarium in New York City. 

OUR SUN AND THE STARS 

Imagine yourself on a space ship trav¬ 
eling away from the solar system. As you 
streak into the heavens, suppose you turn 
around and look back at our sun. What is 
happening to its size? Of course, it would 
appear to be getting smaller every minute. 
Finally, it would just be a tiny pinpoint in 
the sky. Now you would call it a star. 

Each of the stars in the universe is a 
ball of fire just like our sun. Some are super¬ 
giants millions of times larger than our star, 
the sun. Other stars are smaller than the 
sun. 

Our sun is a ball of burning gases with 
a diameter of about 864,000 miles. It is 
over a million times larger than the earth 
and its temperature is astounding. On the 
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“cooler" surface of the sun the thermome¬ 
ter would read over 10,000°F. In the in¬ 
terior of the sun, the temperature has been 
estimated at around 70,000,000° F. Yet, our 
sun is only a medium star — in size and in 
the amount of heat it gives off. 

Atomic Energy in the Sun. You no 
doubt have heard about atomic bombs 
(A-bombs) and hydrogen bombs (H- 
bombs) and the tremendous heat produced 
by the release of atomic energy. 

Scientists are convinced that the tre¬ 
mendous heat of the sun is atomic energy 
produced when four atoms of hydrogen are 

Fig. 5-51. This is a photo of the sun 
at total eclipse. The bright light 
around the sun is called a corona. 
(Courtesy Mt. Wilson and Palomar 
Observatories.) 





transformed into one atom of helium. Bil- 
lions of such changes produce fabulous 
amounts of heat energy. The hydrogen 
bomb is a device that duplicates the action 
that takes place in the sun. With the A- 
bomb as a kind of match to start the explo¬ 
sion, a large quantity of hydrogen is con¬ 
verted into helium when the bomb is ex¬ 
ploded. The atomic energy produced in 
the H-bomb produces temperatures, for a 
short time, as high as those in the sun. 

Stars You Can See. The nearest star 
to us is over 25 trillion miles away. There 
are stars so far away they cannot be seen 
even with our most powerful telescopes. 
The distance to the furthest star is beyond 
the human imagination. In spite of these 
vast distances, scientists have learned a 
great deal about the stars and are discover¬ 
ing new facts every day. 

As you look up at the sky on a clear, 
moonless night, the number of stars you 
can possibly see without a telescope totals 
only about 2000. During the year it is 
possible to identify about 5000 stars with 
the naked eye. The actual number of stars, 
however, adds up to countless billions. Most 
of them are too distant or too small to be 
seen without a telescope. How can you 
identify some of the stars that you see? 
What are some of the interesting facts 
about the stars that are visible to your eyes? 

For thousands of years, stars have 
been observed in groups. Have you ever 
completed a picture on the Sunday puzzle 
page by connecting dots? As you move 
your pencil from one number to another, 
suddenly a form appears. The ancient star¬ 
gazers looked at the sky as a giant puzzle. 
They, too, drew imaginary lines between 
the stars and imagined that pictures formed 
in the heavens. Each of these groups of 
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Fig. 5-52. The number of stars you 
can see, without a telescope, on a 
clear night is about 2000. The actual 
number of stars adds up to countless 
billions. Each star is a sun. (Courtesy 
Carnegie Institution of Washington.) 

stars which seem to form a figure is called a 
constellation. There are 88 constellations 
in all. Some can be seen only from the 
Northern Hemisphere; the others are seen 
below the equator. Examples of constella¬ 
tions are Leo, the Lion; Taurus, the Bull; 
Ursa Major, the Great Bear; Orion, the 
Hunter; and Cygnus, the Swan. 

It would be impossible for you to go 
out and find the outline of a bear in the 
sky. With the help of a star chart, however, 
you may be able to trace the outlines of 
several important constellations as they 
were imagined by the peoples of long ago. 
The diagrams on p. 222 show the important 
constellations visible in summer and winter. 
Perhaps you would like to take these star 
maps out with you some evening to see 
what you can find. 


WHAT IS THE PLACE OF THE EARTH IN THE UNIVERSE? 
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NORTH 

NORTHERN SKY IN WINTER 

Fig. 5-53. These star maps represent 
some of the stars and constellations 
you may see on a clear night. 
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Locating Some Constellations. A 
good way to start would be to find part 
of the Great Bear, the part known as the 
Big Dipper. The seven stars in the Big 
Dipper appear in the northern sky. They 
seem to form the bowl and handle of a giant 
ladle. See Fig 5-53. If you follow the 
two stars in the bowl in a straight line, you 
will come to the North Star, or Pole Star. 
This is not a very bright star, but it is a 
very important one. You remember that 
the axis of the earth points to the North 
Star. For this reason, this star appears 
always to stand still in the same place in 
the sky — due North. As the earth turns, 
all the stars and constellations appear to 
move in a huge circle around the North 
Star. Do you see how this star could help 
you find your direction if you were lost 
or trying to navigate a ship or airplane? 

Once you have found the North Star, 
you have also found the Little Dipper, 
which is part of the Little Bear constella¬ 
tion. The North Star is the end star in the 
handle. Now try to find Cassiopeia, which 
is shaped like a W or M. It is on the other 
side of the Pole Star from the Big Dipper 
and about the same distance away. 

In the winter time, the outstanding 
constellation in our hemisphere is Orion. 
When you have found this, you can locate 
the very bright star, Rigel, and the enor¬ 
mous star, Betelgeuse, which is over 250 
times the size of our sun. 

Our Place in the Universe. If you 
live away from the lights of a big city, you 
may be able to see a cloud-like formation in 
the sky on a clear night. This cloud of 
stars is called the Milky Way. It is a tre¬ 
mendous grouping called a galaxy. Our 
solar system is only a tiny part of the Milky 
Way galaxy. 
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Fig. 5-54. Map of some of the con¬ 
stellations in the northern sky at 8 
P.M. Turn this wheel until the month 
on hand is just below the Pole Star 
(North Star). The stars will appear 
in different positions at 9 P.M., 10 
P.M., etc., because of the rotation of 
the earth. 

Perhaps you think that our galaxy, the 
Milky Way, extends out to the end of all 
space. Certainly it is hard to imagine any 
more than the hundreds of billions of stars 
in our star family. There are other galaxies, 


however. In fact, there may be as many 
galaxies in the universe as there are stars 
in the Milky Wav. The size of the universe, 
with its countless billions of stars and fan¬ 
tastic distances between them, is almost 
beyond human understanding. 

A famous astronomer once said that 
there are as many stars in the universe as 
there are grains of sand on all the beaches 
of the world. Can you picture our sun as 
one grain out of countless billions? Re¬ 
member, too, that the earth is only a speck 
compared to the size of the sun. 

What a different picture we have of 
the earth than the ancient peoples! No 
longer is our earth the important center of 
all the heavens. We are but a tiny spot, like 
a small drop of water in a vast ocean. But, 
think of what a glorious achievement it is 
for us to be able to understand something 
of the nature of the universe. Already we 
know about the movements of our earth 
and the planets in our solar system. We can 
measure the distances to some stars. We 
can estimate their sizes and temperatures. 
We can see vast numbers of galaxies other 
than our own. In his endless search for 
knowledge, man continues to find out more 
and more about the universe in which he 
lives. 


Fig. 5-55. A section of the Milky 
Way galaxy as seen through a 
telescope. Our sun is one of the 
billions of stars in this galaxy. 
(Courtesy Carnegie Institution 
of Washington.) 






1. The earth is a vast storehouse of the 
raw materials used in industry. Materials 
are taken from the solid earth, from the 
oceans, and from the air. 

2. The crust of the earth yields many 
valuable metals. Among these are iron, 
aluminum, copper, mercury, silver, gold, 
and uranium. 

3. Fuels taken from the earth exist in 
solid, liquid, and gaseous form. Examples 
of such fuels are coal, petroleum, and 
natural gas. 

4. There are three main classes of 
rocks: igneous, sedimentary, and meta- 
morphic. Many valuable building stones 
are found among these three groups. 

5. Valuable raw materials taken from 
the sea include salt, chlorine, bromine, 
magnesium, and iodine. 



are removed from air which has been lique¬ 
fied. These gases are very useful in in¬ 
dustry. 

7. Plants and animals provide a great 
many industrial raw materials. 

8. The rotation of the earth on its axis 
is the cause of night and day. 

9. The earth revolves around the sun 
in an orbit. Its time of revolution is 365*4 
days, or one year. 


10. The axis of the earth is tilted. As 
the earth revolves, this tilt causes the 
change in seasons. It also causes the differ¬ 
ences in the lengths of night and day. 

11. The earth is divided, for conven¬ 
ience in locating places, by lines of latitude 
and longitude. 

12. The moon revolves around the earth 
in about a month (29*/2 days). As it goes 
around we see different amounts of its sur¬ 
face, reflecting sunlight. This results in 
the different phases of the moon. 

13. The gravitational pull of the moon 
is the main reason for the oceans’ tides. 

14. The earth may cast a shadow on 
the moon. This causes an eclipse of the 
moon. An eclipse of the sun occurs when 
the moon’s shadow crosses the earth. 

15. Daily time is measured by the earth’s 
rotation; a complete rotation takes 24 
hours, or one day. The globe is divided 
into 24 time zones, each one hour apart. 

16. The sun and its family of planets 
make up the solar system. Also included 
are the planetoids, comets, and meteors. 

17. Our sun is a star of medium size 
and brightnesss. It is only one member 
of a vast family of stars known as the 
Milky Way Galaxy. This galaxy is only 
one of millions of galaxies. 



1. You may enjoy making a collection 
of metals. You can start with coins like a 
penny, nickel, and dime. A penny contains 
copper, tin, and zinc. A nickel contains 


nickel and copper. A dime contains silver 
and copper. Pieces of steel, aluminum, and 
zinc are easily obtained. Brass and bronze 
are alloys of copper and other metals. Most 
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plumbers can spare a sample of each. Other 
common metals are lead, chromium, cad¬ 
mium, magnesium, and tungsten. Mount 
your samples and label them. If the metal 
is an alloy, look up its composition in a 
chemistry book or encyclopedia. 


and kerosene. Label each bottle and write 
a brief description of how it is obtained. 

7. Make models of the sun, earth, and 
moon using balls of clay and/or a “tinker 
toy” or similar set. 

8. Use a small globe for the earth and 


DRY CELLS 



CARBON 



COPPER 


COPPER SULFATE 
SOLUTION 



Fig. 5-56. Plating with copper. 


2. To understand how one metal can 
be “plated” on another, you might like to 
try the experiment shown in Fig. 5-56. 

3. Make a collection of products ob¬ 
tained from plants. These might include 
paper, rayon, wood, cotton, cork, and rope. 
Mount each sample and teli what plant 
it comes from. 

4. Make a collection of animal prod¬ 
ucts. Include silk, wool, leather, fur, and 
sponge. Mount your samples and label 

them. 

5. Explore your neighborhood to find 
buildings made of natural stone. Report 
to the class on your findings, including the 
location of the building and the type of 
stone used. 

6. Collect samples of fuels in small bot¬ 
tles or vials. Include coal, coke, fuel oil, 


i ball of clay for the moon. Suspend the 
ball of clay by a thread. With the help of 
a projector as the “sun,” demonstrate 
eclipses of the moon and sun. 

9. On a long blackboard or floor, with 
chalk, lay out the planets in proportion to 
their size and distance from the sun. Use 
the information in the table of planets (on 
page 217) and figure out your distances so 
that all the planets are included. 

10. Keep a record of the tides, which you 
obtain from your newspaper or some other 
source. After a few weeks, get an average 
time from one high tide to the next. 

11. You may want to photograph the 
moon’s path. Set your camera on a tripod 
or any solid support in a dark place away 
from street lights. Locate the moon in the 
finder and open the shutter. Take a “time 
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exposure” of at least 2 hours. You can also 
take a 30-second “time exposure” every 15 
minutes. This will give you another effect. 
12. Making your own stars, 
a. Construct a box about one foot in 
width, length, and height. Leave one 
side open and wire an electric light 
bulb in a socket to the opposite side. 
Cut out pieces of cardboard the size 
of the open side. Punch holes in each 
piece of cardboard to represent the 
stars in a different important constel¬ 
lation. Hold the cards in place as 
you light the bulb in the socket. You 
will now see how these constellations 
appear in the sky. 


b. There are some devices, known as toy 
planetariums, that can project tiny 
spots of light representing stars and 
constellations, on the ceiling. Per¬ 
haps some members of the class can 
demonstrate this. 

13. Seven cities in the United States — 
Chicago, Philadelphia, Pittsburg, Los An¬ 
geles, Chapel Hill (North Carolina), New 
York, and San Francisco — have dome¬ 
shaped buildings with white ceilings, called 
planetariums. Projection machines throw 
lights onto these ceilings, representing the 
heavenly bodies and their movements. Per¬ 
haps a member of the class can report on 
a visit to such a planetarium. 
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Choose the best answer: 

1. Coke is obtained by heating (a) 
kerosene, (b) petroleum, (c) natural gas, 
(d) coal. 

2. Along the seacoast there are approx¬ 
imately how many high tides each day 
(twenty-four hours)? (a) one, (b) two, 
(c) three, (d) four. 

3. The distance north or south from 
the equator is measured in degrees of (a) 
orbit, (b) longitude, (c) latitude, (d) tem¬ 
perature. 

4. The spinning motion of the earth 
is known as (a) rotation, (b) gravitation, 
(c) revolution, (d) an orbit. 

5. The tilt of the earth’s axis is the 
reason why we have (a) night and day, 
(b) the time zones, (c) the seasons, (d) 
the tides. 


6. The planet which goes around the 
sun in the shortest period of time is (a) 
Venus, (b) Jupiter, (c) Mercury, (d) 
Uranus. 

7. The earth is divided into 24 time 
zones, each of which is equal to (a) 360 
degrees, (b) 180 degrees, (c) 24 degrees, 
(d) 15 degrees. 

8. Bauxite is the ore from which we 
obtain (a) copper, (b) aluminum, (c) 
mercury, (d) gold. 

9. A group of stars which seems to 
form a picture in the sky is called (a) a 
galaxy, (b) a constellation, (c) a solar sys¬ 
tem, (d) an asteroid. 

10. The North Star is found in the 
constellation known as (a) the Little 
Dipper, (b) the Big Dipper, (c) Orion, 
(d) Cassiopeia. 
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MORE QUESTIONS 


1. How is iron changed to steel? 

2. How is salt extracted from the sea? 

3. What are some important industrial 
uses of chlorine? 

4. How are the different gases sepa¬ 
rated from liquid air? 

5. Why are the seasons reversed in the 
northern and southern hemispheres? 


6. Why is there a three-hour time dif¬ 
ference between New York and San Fran¬ 
cisco? 

7. Why is the Arctic sometimes called 
the “Land of the Midnight Sun”? 

8. Why can an eclipse of the sun occur 
only at the time of the new moon? 

9. How can you locate the North Star? 
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On a hot July afternoon in 1955, the Press Secretary of the 
President of the United States issued a statement to more than a 
hundred reporters crowding the White House lobby. The President 
has approved plans by this country for going ahead with the launch¬ 
ing of a small, unmanned, earth-circling satellite.” 

Here was another example of man’s desire to explore the upper 
air. Many other attempts to study the air had been made through 
the centuries. Benjamin Franklin tried to learn about the electricity 
in clouds by flying a kite in a thunderstorm. Captains Stevens and 
Anderson of the U. S. Army rose to a height of almost 14 miles in a 
gas-filled balloon in 1935. The Belgian scientist, Auguste Piccard, had 
reached altitudes of over 10 miles in similar balloons before this. In 



Fig. 6-1. Here is an artist's im¬ 
aginary moon ship leaving for 
the moon from a space station 
about 2500 miles from the earth. 
(Courtesy American Museum of 
Natural History.) 




1949 a U. S. Army two-stage rocket, the WAC Corporal, reached a 
height of 250 miles. A Navy Viking single-stage rocket made a climb 
to 158 miles above the earth in 1954. The purpose of all of these 
(lights was to learn about the conditions in the upper air. 

What is the reason for sending up a man-made moon to circle 
the earth? Its mission is a mission of peace. It will contain many instru¬ 
ments which will automatically send their messages to the scientists on 
the ground. Any information it sends back to the earth will be shared 
In all nations. One of its jobs will be to study the ultraviolet rays, 
cosmic rays, and other rays from the sun and from outer space. These 
are thought to have an important effect upon our weather. Another 
job will be to study the electricity and magnetism in the upper air 
that affect radio and television transmission. 

The first artificial satellite has been named the MOUSE. These 
are initials for Minimum Orbital Unmanned Satellite of Earth. The 
size of the MOUSE probably will be rather small—a little larger than 
a basketball. It will be the third stage of a three-stage rocket and 
is expected to circle the earth at a height of about 200 to 300 miles 
at a speed of about 18,000 miles per hour. It is thought that the MOUSE 
will gradually lose speed because of the friction of the atmosphere. 
In a lew days or weeks, it will drop and be burned up in the earths 
atmosphere. 

It is hoped that scientists will learn much about the upper air 
in the short time that the MOUSE continues in its flight. 


Fig. 6-2. Rockets such ns this 
one are shot up into the air. 
Automatic cameras, thermom¬ 
eters, and other instruments 
record information about the up¬ 
per air. (Courtesy Republic Steel 
Corp.) 
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We are surrounded by an 
invisible blanket. Above us, below us, all 
around us, are the tiny molecules which 
make up the air. You cannot see the air, 
nor smell it, nor taste it, but you can feel it 
when it moves. Move your arm rapidly. 
You feel the air. Fan yourself with a piece 
of paper or stand in a breeze. You can feel 
the air. 

All of our earth is covered by this 
invisible substance. It protects us from 
harmful rays from the sun and outer space; 
it keeps us warm; it makes all life on this 
planet possible. What are some of the facts 
we know about the air? What is it made of? 
Why is it important? 

THE ATMOSPHERE 

The layer of air which surrounds the 
earth is called the atmosphere. It extends, 
as far as we know, to about 600 miles above 

HOW ARE WE AFFECTED BY THE AIR? 


the earth’s surface. As we rise up higher in 
the atmosphere, the air becomes thinner. 
In other words, the molecules that make 
up the air are farther apart. Measurements 
taken by balloons and rockets show that 
90 per cent of the air is squeezed into the 
first 12 miles above the earth’s surface. 

Without the atmosphere, the earth 
would be unbearably hot in the daytime. 
Fortunately, the air blanket shields us from 
the intense rays of the sun. At night, the 
surrounding air prevents the earth’s heat 
from escaping. If there were no air, our 
night temperatures would drop hundreds 
of degrees below zero, and life would be 
impossible. 

The blueness of the sky which we see 
owes its existence to the air. The atmos¬ 
phere breaks up sunlight and spreads it 
out evenly. The sun would look like a 
bright ball in a black heaven if the earth 
were not surrounded by air. Meteors 
reaching the gravitational pull of the earth 
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Fig. 6-3. Air is a real substance that 
can support a parachute. This photo 
shows U.S. Army paratroopers being 
dropped over enemy territory in 
March, 1951, in Korea. (Courtesy 
U.S. Air Force.) 

would continually strike the earth’s surface. 
These would be a real hazard if the air did 
not burn up most of them before they 
reached the ground. 

Scientists continue to study the atmos¬ 
phere with balloons, rockets, and airplanes. 
These are equipped with devices which 
measure, make records of, and photograph 
many of the conditions found in the skies. 
The information gained is important in 
such fields as weather forecasting and radio 
transmission. It is also valuable in helping 
scientists to prepare for space travel. 
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How Real Is the Air? We are so 
accustomed to the invisible nature of the 
air that we sometimes forget it is a real 
thing. Thus, we say a glass is empty when 
we really mean it is filled with air. To prove 
this to yourself, invert a glass tumbler and 
push it straight down into a tank or bowl 
of water. Can you see that none of the 
water enters the glass? If the glass is low¬ 
ered over a floating cork the effect is more 
noticeable. 

Why can’t the water get in? Because 
air is a real thing. The air occupies the 
space in the glass and keeps the water out. 


Fig. 6-4. Air is a real substance. It 
can be poured and weighed. 





By holding two glasses under water, you 
can actually pour the air from one up into 
the other. Look at Fig. 6-4 to see how 
this is done. 

If air is a real thing, does it have 
weight? Of coursel Try weighing a flat 
basketball or a beach ball on a delicate bal¬ 
ance, if you have one in your science 
classroom. Now, pump the ball full of air 
and weigh it again. Do you see that the 
inflated ball weighs more? Air is a fairly 
light substance; a cubic foot weighs only 
slightly more than one ounce. There is so 
much air, however, that the total weight of 
our atmosphere is staggering. Write the 
number 5 followed by 15 zeros. This is the 
number of tons of air covering the earth — 
five million billion. 

The fact that the air has weight means 
that it is pushing down on the surfaces 
which it touches. We call this push air 
pressure. The pressure of the air is im¬ 
portant in the operation of many devices 
that we use in our daily lives. Common 
things like fountain pens, medicine drop¬ 
pers, vacuum cleaners, and soda straws de¬ 
pend upon air pressure for their operation. 

AIR PRESSURE 
CAN BE MEASURED 

You may wonder why anyone should 
want to measure the push or pressure of the 
air. Later, in your study of the weather, 
you will discover that the pressure of the 
air changes from hour to hour. Measuring 
the air pressure has become a very import¬ 
ant part of predicting the weather. 

The Mercury Barometer. Air pres¬ 
sure can be measured most accurately with 
an instrument known as a mercury barome¬ 
ter. This device was invented over 300 
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Fig. 6-5. Air pressure can support a 
column of mercury about 30 inches 
high. 


years ago by an Italian scientist named Tor¬ 
ricelli. You can construct a mercury barom¬ 
eter in the science classroom with the help 
of your teacher. First get a glass tube at 
least 34 inches long and closed at one end. 
With the help of a small funnel and a piece 
of rubber tubing, fill the tube completely 
with mercury. You will remember that this 
metal is a liquid at normal temperatures. 
Now, hold your finger over the open end 
to prevent the very heavy mercury from 
running out. Invert the tube into a dish of 
mercury, being careful nof to remove your 
finger until the end is under the surface. 

When you remove your finger, you will 
notice that the level of the mercury in the 
tube will drop a little. The space that re¬ 
mains at the top of the tube is filled with 
almost nothing. There is no air in the space, 
but only some molecules of mercury which 
have evaporated. We call such a truly 
“empty” space a vacuum. See Fig. 6-5. 

What keeps the mercury from running 
out of the tube? The pressure of the air 
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pushing down on the surface of the mer¬ 
cury in the dish is enough to support the 
column of mercury. Since there is only a 
vacuum above the mercury, there is no 
downward pressure there to balance the 
air pressure on the dish. Therefore, the 
mercury stays up. 

If you measure the height of the mer¬ 
cury in the tube above the level in the dish, 
it will be somewhere around 30 inches. Air 
pressure is most often measured in these 
units. When your weather forecaster says 
the barometer reads 30.01 inches, he means 
that the pressure of the air is strong enough 
to hold up 30.01 inches of mercury. These 
measurements are taken at sea level. As 
you go higher, there is less air above you. 
This means that less pressure is pushing 

Fig. 6-6. The aneroid barometer con¬ 
tains no liquid. It can be used to 
predict the weather. A rising baro¬ 
meter indicates clearing or fair 
weather. A falling barometer indi¬ 
cates threatening or stormy weather. 
(Courtesy W. M. Welch Mfg. Co.) 



down, and, naturally, the barometer read¬ 
ing will be lower. 

The Aneroid Barometer. Another 
type of barometer uses no mercury, but a 
metal can from which most of the air has 
been removed. As air pressure outside 
pushes against the can, a pointer moving 
on a dial indicates the amount of outside 
air pressure. As the pressure increases or 
decreases, the top of the can will be pushed 
in or will push out, and the pointer attached 
will move on the dial. Fig. 6-6 shows this 
barometer and how it works. It is called 
an aneroid barometer. 

Air Pressure Affects Us. In the mer¬ 
cury barometer, you saw that the pressure 
of the air kept the liquid up in the tube. 
When you drink soda or milk through a 
straw, it is this same air pressure which 
forces the refreshing liquid into your 
mouth. You can prove this by putting a 
soda straw through a hole in the cap of a 
bottle of milk. 

Seal all the openings with wax or clay 
so that no air will leak into the bottle. Now 
try sucking on the straw. Remove the cap 
and try again. Do you note the difference? 

Can you explain how air pressure helps 
you to fill a fountain pen? a medicine drop¬ 
per? 

Air Pushes in All Directions. Air 
pressure not only pushes downward, it 
pushes in all directions. You can prove this 
with another simple experiment. You will 
need a metal can that holds about one gal¬ 
lon, with a stopper or a screw cap. Also, 
obtain some water, and two pot holders to 
keep you from burning your hands. Pour 
water into the can to a height of about one 
inch. Then boil the water for about five 
minutes over a stove, so that all the air 
will be pushed out by the steam. Carefully 



surface, is normally about 14.7 pounds. This 
means that the total pressure on your body 
is enormous. Luckily, the pressure on the 
outside is balanced by the pressure on the 
inside of your body and so you feel nothing. 

We have seen some of the effects of the 
air around us. Now let 11 s examine some 
of the ingredients that make up the air. 



Fig. 6-8. A can from which air has 
been driven will collapse. Why? 


Fig. 6-7. Liquid is pushed up by the 
outside air pressure when you drink 
through a straw. 

remove the can from the heat, and immedi¬ 
ately push in the stopper or screw on the 
cap. Let the can cool. Since the air has 
been pushed out, when the steam cools 
and condenses, almost nothing — a partial 
vacuum — remains in the can. Notice that 
the outside air pressure pushes the can 
in on all its sides. 

It is very fortunate that air pressure 
acts in all directions. Otherwise, the pres¬ 
sure of the air pushing down on us would 
crush us. The pressure of the air at sea 
level, pushing on only one square inch of 


THE GASES IN THE AIR 

The air is a mixture of many gases. The 
molecules which make up the air are mole¬ 
cules of separate gases which are inter¬ 
mixed. These gases include oxygen, nitro¬ 
gen, carbon dioxide, water vapor, and some 
of the rarer gases like argon and neon. Each 
of these gases serves us in some way. Let 
us look first at the most important of all 
these gases — oxygen. 

Oxygen. Oxygen is an active gas. It 
likes to combine with or join with other 
substances. This union, you remember, is 
called oxidation, and results in the produc¬ 
tion of heat. When we breathe we use up 
some of the oxygen from the air. In our 
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Fig. 6-9. Burning is a rapid oxidation. In this 
forest fire you see a dangerous and wasteful 
burning. (Courtesy U. S. Forest Service.) 

body cells, the oxidation takes place slowly, 
and the heat energy given off suits our 
needs very well. You probably know that 
none of us could live for more than a few 
minutes without oxygen. 

Another example of slow oxidation is 
the rusting of iron. Iron slowly combines 
with the oxygen and the moisture in the air 
to form the familiar new reddish compound 
called rust (iron oxide). 

When oxidation takes place very rap¬ 
idly, burning occurs. Burning means a rapid 
oxidation accompanied by noticeable light 
and heat. Without oxygen, of course, fires 
could not occur. This would mean that fuels 
such as coal and oil would be worthless 
for heating our homes, cooking our foods, 
and producing the power for industry. 
When we say that oxygen supports com¬ 
bustion, we mean that it helps things to 
burn. This is one of the most important 
functions of this part of the mixture we 
call air. 


How much of the air is oxygen? Only 
a little over one-fifth. You can demonstrate 
this by performing an experiment at home. 
You will need a wide dish, a tall drinking 
glass or wide-mouthed bottle, some water, 
and a small candle. First light the candle 
and let some of the wax drip into the dish. 
Push the bottom of the candle into the 
melted wax so that the candle will stand 
upright. Now pour water into the dish to 
the height of about one inch. Invert the 
bottle straight down into the water over the 
burning candle. After a few moments the 
candle will go out. This is because all of 
the oxygen in the bottle has been used up. 
Now, water will rise into the bottle to take 
the place of the oxygen that has been used 
up by the burning. 

If you measure the water in the glass 
or bottle you will see that it has risen about 
one-fifth of the way. This is approximately 
the proportion of oxygen in the air. Care¬ 
ful scientific measurements show that oxy¬ 
gen takes up about 21 per cent of the space 
in a volume of air. 


Fig. 6-10. In this experiment the oxy¬ 
gen of the air in the glass is used 
up by a burning candle. How much 
of the air is oxygen gas? The gas that 
remains in the glass is mostly nitrogen. 
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What about the gas that remains in the 
bottle? Most of this is nitrogen. 

Nitrogen in the Air. Luckily, not all 
of the air is oxygen. If this were so, we 
could not exist. The activity of our bodies 
would be so great that we could live only 
a little while at most. Also, any fire that 
started would spread so quickly it could 
never be put out. Even metals would burn 
easily in an atmosphere of pure oxygen. 

About 78 per cent of the air is nitrogen. 
Unlike oxygen, this gas does not unite with 
other substances easily. However it is im¬ 
portant as an indirect plant food. You may 
remember that certain bacteria can remove 
nitrogen from the air. This nitrogen is com¬ 
bined with other substances in the soil to 
form nitrates — a good plant food. Plants 
then absorb the nitrogen compounds and 
turn them into vital proteins. In the air, the 
chief value of nitrogen is to dilute the air 
so that it is not pure oxygen. This may not 

Fig. 6-11. The carbon dioxide in your 
exhaled breath can turn limewater 
milky. 




Fig. 6-12. Many fire extinguishers 
make use of carbon dioxide gas. 
(Courtesy N.Y.U. Center for Safety 
Education.) 

seem like an important function, but we 
certainly owe our lives to it. 

Other Gases. The percentage of other 
gases in the air mixture is exceedingly 
small. We have already seen how argon 
and neon are removed from liquid air to be 
used in light bulbs and electric signs (pages 
193 and 194). These gases make up less 
than 1 per cent of the air. 

Another gas which makes up only a 
small part of the air is carbon dioxide. This 
is an interesting gas, and worth our atten¬ 
tion. Carbon dioxide is one of the waste 
products from the oxidation process that 
goes on in our bodies. The air you exhale 
contains the carbon dioxide which your 
blood has brought to the air sacs in your 
lungs. The burning of fuels also produces 
carbon dioxide, which is given off to the air. 

Carbon dioxide is a heavy gas which 
tends to sink to the ground. This property 
makes it valuable in fighting fires. Perhaps 
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your school science room or laboratory is 
equipped with a carbon dioxide fire extin¬ 
guisher. Such an extinguisher contains the 
gas under pressure in a metal tank. In case 
of fire, a valve is opened and the stream of 
carbon dioxide which escapes is played on 
the flames. The gas settles over the fire and 
keeps the oxygen away. Without oxygen, 

the fire soon dies out. 

You may have seen carbon dioxide in 
solid form. This is the “dry ice” which is 
used in ice cream cabinets and trucks. The 
temperature of “dry ice” is about—110 F. 
It is very effective in refrigerators, but it 
must be handled with gloves or tongs to 
avoid severe damage to the skin. 

The amounts of carbon dioxide and 
oxygen in the air are kept about the same 
because of certain balances in nature. Hu¬ 
mans and other animals give off carbon 
dioxide to the air as part of their breathing 
process. You may remember that plants 
remove some of this carbon dioxide to be 
used in photosynthesis. Oxygen is returned 
to the air by the plants. Can you complete 
the cycle? 

Water vapor which arises from evapo¬ 
ration is also present in the air as a gas. 
The amount of water vapor varies from 
time to time and place to place. In our 
discussion of the weather, you will read 
about how water vapor affects our lives. 

Floating around in the atmosphere, 
among the gases that make up the air, are 
certain particles which are very unwel¬ 
come. These are the impurities which are 
found in the air. 

IMPURITIES IN THE AIR 

Sometimes, when a beam of sunlight 
streams into your room, you can see thou- 

240 



Fig. 6-13. Many cities do not permit 
trains that burn coal to enter the city 
limits. Railroads use electric engines 
which give off no smoke instead. 
(Courtesy N.Y.U. Center for Safety 
Education.) 

sands of tiny particles dancing around in 
the air. These cannot be the molecules of 
gases, because molecules are invisible. 
What you are seeing is dust. The dust 
particles reflect the light and make the 
beam invisible. 

Dust is only one of the impurities in 
the air. Smoke, chemical fumes, plant pol¬ 
lens, and disease germs are also responsible 
for air pollution. We say that air is polluted 
when it contains harmful impurities and is, 
therefore, unclean. How do impurities get 
into the air and how do they affect your 
health? 

The Sources of Pollution. Usually 
the air in a country area will be cleaner 
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than that over a city. This is so because 
the chief sources of air impurities are the 
processes which go on in industrial centers. 
Smoke billowing from factory chimneys is 
made up mostly of particles of soot. These 
tiny pieces of unburned fuel may be white, 
brown, gray or black. They may spread 
out over a wide area if the air is moving, or 
they may hang over a city if the air is still. 

Heavy smokes are produced by the 
burning of wood, soft coal or fuel oil. Cities 
like Pittsburgh and St. Louis have always 
been troubled by this kind of pollution. 
In fact, Pittsburgh was formerly called the 
“smoky city” for this reason. Recent smoke- 
control measures are causing it to lose this 
unpleasant nickname. 

Another kind of air pollution in indus¬ 
trial cities comes from poisonous chemical 
fumes. Vast quantities of gases such as 
sulfur dioxide are produced during the 


processing of metals like zinc and alumi¬ 
num. These enter the air and may cause 
considerable damage. Carbon monoxide 
gas is another poison which pollutes the 
air. It is produced mainly by the burning 
of gasoline in the engines of automobiles, 
busses, and trucks. Carbon monoxide is 
extremely poisonous, and we are fortunate 
that it occupies only a very tiny percentage 
of the air. If a gasoline engine is allowed 
to run for even a short time in a closed 
garage, where there is no air circulation, 
the amount of carbon monoxide produced 
can be deadly. 

Smog. Recently some of the large 
cities of the world like New York, Los 
Angeles, and London have become alarmed 
by a type of air pollution known as smog. 
This is a new word combining the words 
smoke and fog. Smog, however, is not gen¬ 
erally formed by ordinary smoke and fog. 


Fig. 6-14. Some ways in which the air is polluted. 
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Scientists believe that the vapors given off 
by petroleum refining plants and other 
industrial plants are largely responsible for 
the bluish, strong-smelling smogs which 
hang over cities. You will read later on 
about the steps that are being taken to 

eliminate this hazard. 

Nature Pollutes the Air. So far, you 

have read about smoke, gases, and smog. 
These are all man-made impurities which 
find their way into the atmosphere. What 
are some natural impurities in the air? 

Dust is nature’s chief harmful contri¬ 
bution to the air. Tiny particles of soil 
blown up from deserts or from the dry 
plains of Kansas, Oklahoma, and Texas, 
may travel for hundreds of miles. Cars 
traveling along dirt roads stir up dust. 
People walking on city pavements stir up 
dust. The construction of buildings or the 
planting of crops requires digging up the 
soil. This also produces dust. 


The eruption of volcanoes may scatter 
tiny dust particles around for hundreds of 
miles. In 1883 the explosion of the volcanic 
island of Krakatao spread dust halfway 
around the world. 

Another natural impurity in the air is 
pollen. Tiny cells produced by the flowers 
of plants are blown into the air in great 
numbers. Other cells, known as spores, are 
manufactured by fungus plants in tremen¬ 
dous quantities. These spores are released 
to the air and have been discovered as far 
as ten miles above the earth’s surface. 

Bacteria and other microscopic living 
things are found in the air. Sneezing and 
coughing may send harmful germs out into 
the air. These may rest on dust particles 
and float about until they reach other places 
where they can grow and multiply. 

Harmful Effects. Reading about the 
pollution of the air gives you the feeling 
that these impurities are injurious to health. 
The full extent of the damage done is un¬ 
known, but there are many unfortunate 
examples of sicknesses and deaths caused 
by polluted air. 

In one terrible week in December of 
1952, 4,000 people in London died from 
illnesses brought about by a dense smog. 
Cases of lung diseases like pneumonia and 
bronchitis developed. Other cases became 
worse and resulted in death. 

In Donora, Pennsylvania* which is near 
Pittsburgh, 20 people died and hundreds 
became ill within a few days in October, 
1948. All these deaths and illnesses were 
the direct result of a smog which hung over 
the town. Recent investigations have shown 
that smog not only harms humans but de¬ 
stroys plants. It has been estimated that 
millions of dollars of crop damage is due 
to smog each year. 



Fig. 6-15. A dust storm approaching 
Spearman, Texas. (U.S.W.B. photo.) 
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Fig. 6-16. Arc you a victim of hay fever? 


The number of cases of lung cancer 
which have developed from impurities in 
the air may be very great. While there is 
no definite proof that air pollution causes 
lung cancer, many experts believe that air 
impurities play a great role. Sinus trouble, 
tuberculosis and pneumonia have been 
traced to air impurities in many cases. 

Are You Allergic? In the spring, sum¬ 
mer, and fall, millions of people suffer from 
the effects of plant pollens in the air. Per¬ 
haps you or some of your classmates are 
“hay fever” victims. These people are sen¬ 
sitive to the pollen of plants like the rag¬ 
weeds. During the hay fever season, usu¬ 
ally in the late summer, they sneeze very 
often and feel an annoying itching sensa¬ 
tion about the eyes and nose. Sometimes 
they find it difficult to breathe and require 
extensive medical care. We say that these 
people are allergic to the pollen because 
of their sensitivity and reactions. “Rose 
cold” is another allergic condition which 
comes from the pollen of certain spring 
flowers and trees like the oak and willow. 
Such allergies can be blamed entirely on 
air pollution. 


Molds and Bacteria. When a piece of 
bread becomes moldy, it is because spores 
have fallen upon it from out of the air. Sim¬ 
ilar spores from the air may develop into 
the molds which cover and spoil fruits and 
vegetables, or the mildews which attack 
clothing and leather goods. 

A great many diseases may be spread 
by bacteria floating on dust particles in the 
air. Sneezing and coughing may spread 
colds and sore throats. Serious diseases 
like whooping cough, scarlet fever, and 
polio are also thought to be spread through 
air pollution. 

HOW CAN WE KEEP 
THE AIR CLEAN? 

What are some of the measures that 
can be taken to reduce the number of 
harmful impurities in the air? This prob¬ 
lem belongs to the government, to indus¬ 
try, and to all of us as good citizens. Let us 
see what is already being done about air 
pollution and what steps are still to be 
taken. 


HOW ARE WE AFFECTED BY THE AIR? 
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COLLECTOR CELL 



Fig. 6-17. This diagram 
shows how electricity is 
used to remove smoke 
particles from air. (Court¬ 
esy Westinghouse Elec¬ 
tric Corp.) 


The Control of Smoke and Smog. 

Smoke control has been a problem of most 
of our large cities for many years. Many 
cities, such as New York, have laws de¬ 
signed to reduce the amount of smoke pro¬ 
duced. For example, railway trains are not 
permitted to bum fuels such as coal within 
the city limits. Electric engines are 
switched on long before the trains enter 
the city. The use of electric and Diesel 
electric locomotives is becoming more 
common with all railroads. Elsewhere, en¬ 
gines using coal have been improved with 
air jets so that the coal is burned more com¬ 
pletely. This prevents the formation of 
soot. 

In many cities, industrial plants are 
prohibited from burning soft coals by law. 
The harder coals produce less smoke and 
so cut down on air pollution. Coke, fuel 
oil, and natural gas have also been substi¬ 
tuted for the smoky bituminous coals. 


The use of improved furnaces reduces 
smoke production. Engineers have de¬ 
signed automatic stokers, air jet devices, 
better fans and chimneys, and better meth¬ 
ods of firing furnaces, to assure a more com¬ 
plete burning of the fuel. If the particles 
of carbon which make up soot are burned 
completely, they will not rise with the 
smoke to contaminate the air. 

In Fig. 6-17, there is a diagram of an 
electrical device which actually removes 
soot particles from smoke before they reach 
the air. This process is called smoke pre¬ 
cipitation and is being used in many indus¬ 
trial plants. 

In some factories, electric eyes have 
been installed in smoke pipes. When the 
smoke becomes too heavy, a signal bell or 
light notifies the fireman immediately. He 
can then make adjustments in the furnace 
to reduce the amount of smoke. 

The poisonous fumes from the process- 
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ing of sulfur are now being eliminated in 
industry by “scrubbing” the waste gases 
with other chemicals. This has proved 
effective in reducing air pollution from 
chemical fumes. 

Government departments, like the De¬ 
partment of Air Pollution Control in New 
York City, have been set up in most of our 
industrial cities. In Los Angeles, a non¬ 
profit Air Pollution Foundation has been 
established to support research and deter¬ 
mine the facts about smog. The Los Ange¬ 
les County Board of Supervisors has tried 
to pass laws aimed at relocating air-pollu¬ 
ting industries. Some of their other aims 
include elimination of excessive fumes 
from automobiles, elimination of open-air 
petroleum refineries, and elimination of 
fumes from trucks transporting gasoline. 

In 1955, the First International Con¬ 
gress on Air Pollution took place in New 
York City. Scientists and engineers from 
seven countries attended this meeting 
sponsored by the American Society of Me¬ 
chanical Engineers. The purpose of the 
meeting was to compare the progress being 


made in studying the effects and control 
of air pollution. 

Control of Dust and Pollen. Natural 
materials which pollute the air are harder 
to control than man-made materials. The 
vast dry regions of the southwestern United 
States produced severe dust storms in the 
1930 s. The soil was carried away in great 
curtains of dust clear across the country. 
Farmhouses were often buried and the 
people in the so-called “Dust Bowl regions 
abandoned the land. 

Planting strong-rooted grasses, irriga¬ 
tion, and other conservation methods have 
reduced the amount of dust polluting the 
air. Unfortunately, prolonged periods of 
no rain, or drought, often lay the soil bare 
in spite of the efforts of the farmers and the 
government. 

Spreading oil on roadways and the 
watering of city streets by sanitation 
trucks help to keep the dust from leaving 
the ground and entering the atmosphere. 
In stone quarries, vast amounts of dust are 
produced as the stones are drilled and 
hammered. Cement factories also produce 


Fig. 6-18. Spraying areas 
to destroy the ragweed 
plant whose pollen 
causes hay fever. (Court¬ 
esy New York City De¬ 
partment of Health.) 










an enormous amount of dust. Workers are 
protected from fatal lung diseases in these 
industries by the use of masks that filter 
out the dust. This protection is usually re¬ 
quired by state labor laws. 

Many pollens cannot be controlled. It 
would be foolish to cut down oak trees or 
eliminate important food crops for this 
purpose. However, the most troublesome 
plant to hay fever sufferers is a worthless 
weed. The giant ragweed, which grows in 
country fields and city lots, is the chief 
cause of this annoying disease. Even a sin¬ 
gle plant produces vast quantities of pollen 
grains. 

Several cities have made it illegal for 
a property owner to let ragweed grow on 
his land. A violation is punished with a 
fine. Unfortunately, not too many cities 
consider this weed poisonous, and the Fed¬ 
eral government exercises no control over 
its growth. 

The weed may be destroyed by pull¬ 
ing it up with its roots or by spraying it 
with a weed killer like 2, 4-D solution. Per¬ 
haps you can gather some ragweed speci¬ 
mens and display them in your school. Ask 
your teacher to help you identify the plants. 


You may be interested in forming a class 
committee to report on the growth and 
control of this weed in your neighborhood. 

Other measures have been taken to re¬ 
lieve the victims of plant pollens. Drugs, 
known as anti-histamines , have brought 
relief. Injections given before the hay 
fever season also help the sufferers. These 
measures, of course, do not cut down the 
pollution of the air. They only relieve the 
victims of diseases caused by atmospheric 
impurities. 

Industries can help to solve the prob¬ 
lems of air pollution by installing improved 
furnaces and smoke and chemical control 
devices. The government can help by fre¬ 
quent inspections of homes and factories 
and by passing laws designed to keep the 
air clean. You can help by not burning 
smoke-producing materials, by keeping 
your furnace in good condition and by re¬ 
porting excessive smoke to your health de¬ 
partment. You can also assist in the elimi¬ 
nation of plant pollens by destroying 
weeds. Working together, perhaps all of 
us will be able to keep the air as clear, 
clean, and healthy as nature intended it 
to be. 


246 


AIR AND WEATHER 




“Tomorrow’s temperature will be exactly 215 degrees at noon. 
The temperature at midnight will fall to 250 degrees below zero. There 
will be no clouds in the sky, no winds, no rain or snow. The humidity 
will be zero per cent.” This is the kind of report you might get from 
the Weather Bureau every day of your life if you lived on the moon. 
In fact, you could make a single recording of this report and play 
it over and over again, since the weather on the moon never changes. 

Why? Because the moon has no air. 

Weather, as we know it, depends upon the condition of the 

atmosphere. How much water vapor does the air contain? How fast 
is the air moving? Where is the air coming from? What is the pressure 
of the air? The answers to these questions, and many others about the 
air, tell us about the changes in our weather on the earth. 

No matter what your plans for the future may be, your life will 
be affected by the weather. Farmers, businessmen, engineers, and 
aviators depend on the weather. Your plans for a picnic or an after¬ 
noon of ice skating depend upon the weather. The clothes you wear, 
the trips you take, your health and safety, all depend upon the weather. 
Let us see how the conditions of the atmosphere determine 

weather conditions. 



Fig. 6-19. Weather can be man¬ 
made. This cloud can be seeded 
with dry ice from an airplane , 
producingrain. (U.S.W.B. photo.) 
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Suppose somebody asked 
you to describe today’s weather. What kind 
of words would you use? Would you say 
the day was fair or pleasant? Would you 
say it was nasty or dismal? These descrip¬ 
tions might do for ordinary conversation, 
but they are certainly too inaccurate to 
satisfy a scientist. A rainy day would be 
called nasty by a person who had planned 
a picnic, but the same day might be con¬ 
sidered pleasant by a farmer whose land 
needed water or by a merchant selling 
umbrellas. 

Scientists use a more accurate lan¬ 
guage when they talk about the weather. 
To understand this language, we must first 
see what are some of the things that make 
up the weather. 

WHAT MAKES THE WEATHER? 

Think of the weather in the room 
where you are sitting. This is indoor 
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weather you are thinking about. It is a 
good way to start because it is fairly simple 
weather. 

There are three important parts of 
your weather. Perhaps you have already 
thought of the first part. This is the tem¬ 
perature of the room. The second part is 
the amount of moisture or water vapor in 
the air. The third part deals with the move¬ 
ment of the air in the room. The air may 
be standing still or, if you have a window 
open or a fan blowing, it may be moving 
about. These three factors — the tempera¬ 
ture, the moisture and the air movement — 
can describe our weather. Let us examine 
each factor separately. 

The Temperature. The temperature 
of the air is a favorite subject for starting 
conversations. “Is it hot enough for you?” 
“My, it’s cold today!” No doubt you have 
heard these expressions many times. Of 
course, what may be a hot day for an Es¬ 
kimo may be very cold for a resident of an 
African jungle. To avoid the confusion 
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Fig. 6-20. Dr. Vincent Schaefer, 
weather scientist, is bending over a 
home freezer. He first produced a 
cloud by blowing his breath into the 
freezer. Then he made man-made 
snow by dropping in a few pieces of 
dry ice. Watching this experiment 
are Dr. Irving Langmuir, Nobel prize¬ 
winning scientist, and Dr. Bernard 
Vonnegut, weather scientist. (Courtesy 
General Electric Co.) 


that can come from words like hot and cold, 
scientists use instruments to measure the 
temperature. 

The usual thermometer consists of a 
sealed tube partly filled with a liquid such 
as mercury or alcohol. This liquid expands, 
or increases in volume, as the temperature 
rises. Temperature is usually measured in 
degrees Fahrenheit or Centigrade. The 
Fahrenheit scale is named after a German 
scientist. In the Fahrenheit system of 
measurement, water freezes at 32 degrees 
and boils at 212 degrees. The Centigrade 


temperature scale was developed by the 
French and fits into their metric system. 
Scientists like to use the Centigrade scale 
because of its convenient numbers. Here 
the freezing point of water is zero degrees 
and the boiling point is 100 degrees. Fig. 
6-21 shows a comparison of the two scales. 

There are other types of thermometers 
which rely on the expansion of metals and 
use no liquids. There are also machines 
which make a record of the temperature 
from minute to minute. You will learn 
about these as you continue your study of 
science. 


Fig. 6-21. This diagram shows the 
comparison of Centigrade (C) and 
Fahrenheit (F) scales on a thermo¬ 
meter. Thermometers used to take 
your body temperature usually employ 
the Fahrenheit scale and go only to 
about 106 degrees. 
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Fig. 6-22. This instrument makes a 
record of the humidity and tempera¬ 
ture of the air for one week. (U.S.W.B. 
photo from Friez Co. catalog.) 

Let us now consider the moisture in 
the air. 

What Is Humidity? Earlier in this 
book you read about the water cycle in 
nature. You remember that water, in the 
form of invisible molecules, escaped into 
the air from the bodies of water covering 
the earth. The humidity of air means the 
amount of this water vapor that it contains. 

The maximum amount of water vapor 
which the air can hold varies as the temper¬ 
ature changes. Warm air can hold more 
water vapor than cold air. Let us say that 
the air in your room is holding only half 
of the maximum amount it could possibly 
hold. We would describe the humidity in 
that room as 50 per cent. If it were holding 
one tenth of the maximum, the humidity 
would be 10 per cent. When the 100 per 
cent mark is reached, it means that the air 
is holding as much moisture as it can. Any 
additional moisture would fall out as drops 
of liquid water. This might produce drop¬ 


lets of water on the surface of objects in 
the room. It might also form droplets in 
the form of a mist or fog. Humidity which 
is expressed as a percentage, as in the exam¬ 
ples above, is called the relative humidity 
of air. 

Humidity and Comfort. How does 
the humidity affect your comfort? You will 
recall that the skin is your chief tempera¬ 
ture regulator. As your perspiration evap¬ 
orates, your body becomes cooler. If the 
relative humidity is high, it is hard for your 
perspiration to evaporate, because the air 
already contains almost as much water 
vapor as it can hold. The result is that you 
feel uncomfortable and “sticky.” 

You probably have heard the expres¬ 
sion, “It’s not the heat; it’s the humidity.” 
In fact, you would feel much better if the 
temperature were 120° with a relative hu¬ 
midity of 20 per cent, than you would if 
the temperature were 90° and the relative 
humidity 90 per cent. A low humidity 
allows some water from your body to evap¬ 
orate and cool you off. 

Many scientific tests have shown the 
most comfortable average temperature to 
be between 65°-70°F. The most desirable 
humidity is around 50 per cent. 

Measuring Humidity. Have you ever 
noticed how your hair seems to feel differ¬ 
ent on a damp day? Girls, especially, will 
complain that their hair will hang down 
limply when the humidity is high. Scien¬ 
tists have found that the length of a human 
hair increases with the amount of atmos¬ 
pheric moisture. This fact is used in the 
operation of a simple device to measure 
humidity. As the hair lengthens, the pointer 
shows a greater percentage of humidity. 
As the air becomes drier, the hair shrinks 
and the pointer moves the other way. This 
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Fig. 6-23. This is a simplified diagram 
of a hair hygrometer. The human 
hairs shrink or lengthen as the mois¬ 
ture in the air decreases or increases. 

The pointer moves over a scale read¬ 
ing from 0 to 100 per cent. 

instrument is known as a hair hygrometer. 
A hygrometer is a device which measures 
the amount of moisture in the air. Some 
hygrometers use two thermometers, one 
wet with water and the other dry. ^ou will 
learn about these later in your science 
studies. 

What Is Condensation? Suppose that 
the air is holding a certain amount of 
water vapor. Suddenly the temperature 
falls. The air now can no longer hold as 
many molecules of water vapor. Some of 
these molecules come together to form tiny 
droplets of liquid. We now say that the 
water vapor has condensed. This process of 
condensation, the change from a gas to a 
liquid, is responsible for the formation of 
dew, frost, fog, clouds, and rain. 

As a part of the earth turns away from 
the sun’s rays at night, its surface cools off. 
The air covering the earth near the ground, 


therefore, also grows colder. Finally the 
temperature falls to a point where the 
water vapor starts to condense. Of course, 
you have seen the tiny droplets of dew 
which form on blades of grass in the sum¬ 
mertime. Dew drops are the particles of 
water that have condensed from the air 
because of a fall in temperature. 

In the spring and fall the temperature 
of the earth is colder than in summer. 
Sometimes it is near freezing, and the water 
vapor condenses to frost instead of dew. 
Frost is a solid form of water, similar to ice. 
It is a menace to fruit and vegetable grow¬ 
ers. Sometimes farmers will use orchard 
heaters or burn kerosene in “smudge pots” 
to prevent frost from damaging their fruits. 



Fig. 6-24. Dew drops on clover leaves. 
(U.S.W.B. photo by Wilson.) 


CLOUDS AND PRECIPITATION 

If you have ever climbed a mountain 
or have been up in an airplane, you know 
that the temperature drops as you go 
higher. For a few miles up, there is a drop 
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Fig. 6-25. Two of the various types of clouds. (Left) Cirrus clouds which form 
at great altitudes. (Right) The cloud in the foreground is a cumulus cloud. 
(U.S.W.B. photo.) 


of one degree Fahrenheit for approximately 
every 300 feet of altitude, until a low of 
—67°F. is reached. 

Warm air tends to rise. As it moves 
away from the heated earth, it gets cooler. 
If this air is carrying moisture, the lowered 
temperature will cause the vapor to con¬ 
dense. Billions of tiny droplets then form 
to make up a cloud. Have you ever been in 
a cloud? Of course you have. A fog is a 
cloud that has formed on the surface of the 
earth. 

There are four important cloud types 
which you should know. The weatherman 
recognizes many combinations of these four 
types of clouds, and others. These four, 
however, are the basic ones. 

Varieties of Clouds. Cirrus clouds 
form at great altitudes. They are usually 
over five miles high. Since the tempera¬ 
tures are so low at these great heights, the 
cirrus cloud is made up largely of ice crys¬ 
tals. You can recognize these clouds by 
their thin, feathery appearance. 


The clouds that are most dramatic in 
appearance are the fluffy, heaped-up clouds 
that look like large piles of cotton in the 
sky. These are the cumulus clouds, which 
you usually associate with fair weather. 

Stratus clouds are formed in layers that 
may stretch out for hundreds of miles. They 
seem to cover the whole sky and are usu¬ 
ally thin and flat. They allow some sun¬ 
light to filter through and brighten the sky. 

The dark, low-hanging rain clouds are 
called nimbus clouds. Usually the nimbus 
cloud will be combined with others. The 
common rain or snow cloud is a nimbo- 
stratus. The summer “thunderheads” are 
cumulo-nimbus clouds. These nimbus 
clouds are a sure sign of a storm, and it is 
wise to remain near a shelter when they 
appear in the sky. 

Precipitation. When the water drop¬ 
lets in a cloud grow too heavy to be held 
up in the air, they fall to the ground. 
Weathermen call this fall of water precipi¬ 
tation. 
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Whether the precipitation is in the 
form of rain, snow, sleet, or hail, depends 
upon the temperature of the cloud. If the 
temperature is above freezing, rain drops 
will fall. If the air above the earth is very 
cold, below freezing, the moisture will con¬ 
dense directly into snow flakes. Raindrops 
may sometimes freeze on their way down. 
This frozen rain is known as sleet. 

In the summertime, raindrops are 
sometimes carried high into the atmosphere 
by the violent air currents of a thunder¬ 
storm. At the high altitudes, such raindrops 
can freeze and drop to the earth as balls 
of ice. These are called hailstones. Usually 
these hailstones are carried aloft again be¬ 
fore they drop. Another layer of ice forms 
on the little ball. This may go on several 
times until the hailstones drop to the 
ground. By then, they may have grown to 
a considerable size. Hail can be a very 
destructive form of precipitation. 

Water which precipitates, or falls 
from the clouds, is measured with an in¬ 
strument called a rain gage. This is a sim¬ 
ple device which consists of a tall cylinder, 


or can, to catch the rainfall. The depth of 
the water that accumulates is usually meas¬ 
ured with a ruler in inches. 

AIR MOVEMENT 
AFFECTS THE WEATHER 

Of course, the heat and moisture which 
affect the weather are contained in the 
air. In addition, air movement also deter¬ 
mines the kind of weather we have. 

Measuring Air Movement. “It’s a 
windy day,” you may say. How windy? Is 
the wind a gentle breeze or a howling gale? 
Which way is it blowing? You have prob¬ 
ably seen the instrument used to observe 
wind direction. This is the familiar weather 
vane which you see on rooftops. It may 
take the shape of a rooster or an arrow. 
The four points of the compass are marked 
off on the instrument and the arrow is free 
to turn. The tail of the arrow (or rooster) 
is heavier than the head so that the head 
will be spun around until it points into the 
wind. Winds are named for the direction 


Fig. 6-26. Two forms of precipitation. Left: Some snow crystals as they appear 
under a microscope. Right: One of many hailstones that fell at Weatherford, 
Oklahoma on July 1, 1940. (U.S.W.B. photos.) 



Fig. 6-27. An anemometer measures 
wind sjjced in miles per hour. This 
one is attached to a buzzer box. The 
number of buzzes in one minute equals 
the wind speed in miles per hour. 
(U.S.W.B. photo.) 

from which they come. If the arrow of the 
weather vane points east, for example, an 
east wind is blowing. 

The speed of the wind is also import¬ 
ant in describing the weather. A gentle 
breeze is usually most welcome. Strong 
winds, however, are often uncomfortable 
and sometimes quite destructive. 

An anemometer is an instrument used 


for measuring wind speed or velocity. 
Three or four cups are mounted on a shaft 
in such a way that the wind causes them 
to rotate. See Fig. 6-27. The central shaft 
of the instrument is connected to a speed¬ 
ometer similar to that on automobiles. This 
speedometer tells the speed of the wind in 
miles per hour. 

Winds of 1 to 12 miles per hour are 
considered light winds. There are mode¬ 
rate, fresh and strong winds which range 
in speed from 13 to about 40 miles per hour. 
From 40 to 75 miles per hour we have gales 
and strong gales. Above 75 miles per hour, 
the winds are so severe that widespread 
damage results. These winds are usually 
a part of the storms known as hurricanes. 

AIR MASSES 

Think of the air in your room once 
again. Most of this air is at the same tem¬ 
perature, humidity, and wind speed. This 
body of air may be thought of as a bundle 
or mass of the same kind of air. 

If you go outside, you will also be in 
a bundle of air, but it will be much larger 
in size. This air body is known as an air 


Fig. 6-28. Hurricane 
winds at more than 75 
miles per hour can cause 
great damage. (U.S.W.B. 
photo.) 
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mass. The temperature and moisture con¬ 
tent are roughly the same all throughout 
such an air mass. Instead of only filling 
your room, however, air masses stretch out 
for hundreds of miles in all directions and 
are many miles high. They may be likened 
to huge, flat clouds that lie over different 
regions of the earth. But of course, air 
masses are only bodies of air and, unlike 
clouds, are invisible. 

Where Air Masses Come From. As 
an air mass stays quiet for a time over any 
region of the earth, it becomes changed. 
A mass of air which hangs over the ocean 
near the tropics, for example, soon be¬ 
comes very hot and loaded with moisture 
The air over a cold dry region, like Canada, 
becomes cold and dry. There are many 
regions of the earth where air masses form. 
Fig. 6-29 shows some of the important 
sources of air masses that affect the weather 
of the United States. As these air masses 
move into the region in which you live, 
they bring with them air which may be hot 
or cold, dry or wet. Your weather largely 
depends upon the air mass that happens 
to surround you. 

Air Masses on the Move. All of our 
weather changes are really due to air in 
motion. Moving air brings with it changes 
in temperature, moisture, or precipitation. 
What causes an air mass to move? 

The hot temperatures of the Torrid 
Zone, you may remember, are caused by 
the directness of the sun’s rays throughout 
the year. As this region of the earth heats 
up, the air above it is also heated and its 
molecules move further apart. This air 
becomes lighter in weight, therefore, and 
tends to rise and move upward. The colder 
air from the Frigid Zones is heavy, and 
moves downward. 
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Fig. 6-29. There are four kinds of 
air masses that affect the weather of 
the United States. The Polar Canadian 
air masses are cold and dry. The 
Polar Pacific and Polar Atlantic air 
masses arc cold and moist. The Trop¬ 
ical Continental air mass is hot and 
dry. All the other tropical air masses 
are hot and moist. 

In this way, a circulation of the air is 
set up by the unequal heating of different 
regions on the earth’s surface. This circula¬ 
tion, however, is not a regular movement 
that can be easily predicted. As the earth 
spins on its axis, air movements are affected. 
Also, the surface of the earth is not per¬ 
fectly smooth. Tall mountains or deep 
valleys may cut up an air mass and send its 
parts moving in different directions. 

Weather Changes Along a Front. 
As an air mass starts to move, its forward 
edge may meet another air mass of a differ¬ 
ent kind. The surface between the two 
masses of air is known as a front. When a 
cold air mass is moving we call the front 
a cold front. If a warm air mass is moving 
we call its forward surface a warm front. 
Sometimes, neither air mass moves. We 
then have a stationary front. 


HOW DOES THE WEATHER AFFECT 
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A cold mass of air, like the Polar Con¬ 
tinental Air Mass from Canada, may move 
southward toward the United States. As its 
cold front meets a body of warmer quiet air 
(a warm air mass), many quick changes in 
the weather may take place. The cold front 
will plow into the quiet air mass, forcing 
the warmer air to rise suddenly. This may 
result in the rapid formation of thunder¬ 
clouds as the moisture in the warm air con¬ 
denses. A sudden shower may fall which 
will soon stop. Then, cool, dry air will move 
in as the front goes on to another region. 

If a warm front moves into a colder 
air mass, the weather changes are more 
gradual. The lighter warm air will be forced 
over the colder mass in a gentle slope that 
mav extend for hundreds of miles. As the 


slanting warm front first reaches you, high 
cirrus clouds will be seen. Soon, these may 
change to the lower, flat stratus clouds. 
Next, the rain clouds move in and a steady, 
long rain begins to fall. As the front con¬ 
tinues to advance, the meeting of cold and 
warm air may occur right on the surface 
of the earth. This forms a low-hanging 
cloud or fog. At last the front passes over 
and you are left in the warm, moist atmos¬ 
phere of the warm air mass. See Fig. 6-30. 

These weather changes are not always 
as simple as they are pictured here. Often 
there are a great many complications. 
Sometimes, for example, a warm air mass 
may be trapped between two that are 
cold. This makes it very difficult to predict 
changes in the weather. 


I'io. 6-30. Weather changes when warm air masses and cold air masses meet. 
(Courtesj C.A.A. "Realm of Flight. ) 
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In 1817, Joseph Meigs who was head of the United States Land 
Office, started a system of recording the weather in the branch offices 
of his organization. Joseph Henry, a great American scientist, started 
to publish the first weather forecasts in 1849 when he was head of the 
Smithsonian Institution in Washington, D.C. These were the early, 
unofficial beginnings of weather services in this country. 

An Act of Congress in 1870 established the United States Weather 
Bureau as part of the Army Signal Corps. Later, in 1891, the Weather 
Bureau became part of the Department of Agriculture. Since 1940 it 
has been a division of the Department of Commerce. 



Fig. 6-31. A “Moby Dick” 
plastic balloon which car¬ 
ries weather instruments 
is being released at an 
Air Force base in New 
Mexico. The balloon con¬ 
tains helium gas, which 
expands and fills the 
bag as the balloon rises. 
On May 18, 1954, such a 
balloon reached a height 
of 117,000 feet, released 
its instruments and then 
rose to 122,000 feet, 
where it burst. (Courtesy 
U.S. Air Force.) 


S 
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The United States spends millions of dollars each year on the 
operation of the Weather Bureau. In 1955 there were 331 full time 
offices located throughout the United States and its possessions. All 
of these employ full-time staffs. The central office is in Washington, 
D.C. and there are five regional offices in New York City; Fort Worth, 
Texas Kansas City, Missouri; Salt Lake City, Utah; and Anchorage, 
Alaska. In addition, there are over 10,000 part-time Weather Bureau 
stations. The Civil Aeronautics Administration (CAA) and the Coast 
Guard also assist the bureau. In cooperation with the Coast Guard, 
ships in the Atlantic, Pacific and Arctic Oceans send in regular weather 
reports. The CAA maintains over 200 airport stations which collect 
information and make hourly reports along the civil airways. Weather 
information is also exchanged with Canada, Mexico, and most of the 


countries of North America. 

From all of these stations, the Weather Bureaus receive weather 
observations 24 hours a day. The chief duties of the Weather Bureau 
are to issue bulletins, forecasts, warnings, and advice for business 
agriculture, commerce, and industry. The Weather Bureau warns of 
dangerous storms over the Great Lakes and seaports. It sends out flood 
warnings based on rainfall. It forecasts for air travel safety and gives 
special advice to fruit and vegetable growers. The value of the 
Weather Bureau far exceeds the money spent in its operation. Let us 
read about some of its activities in predicting the weather. 
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What are you doing to¬ 
morrow? Are you planning a picnic or a 
hike? Are you going to watch a parade or 
a ball game? Will you be going fishing 
or on an airplane trip? How will you dress 
for school if tomorrow is a school day? 

The answers to all of these questions, 
and to countless others, depend upon the 
weather. How can you tell what tomor¬ 
row’s weather will be like? Not very easily, 
for the job of weather prediction is not an 
easy one. Even the United States Weather 
Bureau is wrong in its predictions from 10 
to 15 per cent of the time. Let us see what 
are some of the weatherman s problems and 
how he attempts to solve them. 


THE WEATHERMAN'S JOB 

Weather moves. Air masses and their 
fronts usually don’t stand still, but move 
across the country. The moving air takes 

the weather be 


along its weather as it travels from place 
to place. Suppose that a region several 
hundred miles from your home was having 
a cold spell. If you knew that this cold air 
was moving in your direction and if you 
knew how fast it was coming, you could 
predict the weather in advance. This is 
what the weatherman tries to do. First, he 
finds out about weather conditions all over 
the country. Then he watches the ways in 
which the weather is moving. Using this 
information, he makes his predictions. 

Getting Weather Information. Each 
of the many weather stations throughout 
North America telegraphs or radios its 
weather conditions to the central office in 
Washington, D.C. Observations are made 
every hour and reports are made at least 
four times a day. The information that the 
weather stations relay to the Weather Bu¬ 
reau includes the following: temperature 
readings, wind speed, wind direction, hu¬ 
midity, precipitation, cloud formations, 
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Fig. 6-32. A weather balloon with a 
parachute and at the bottom a tiny 
automatic radio broadcasting station 
called a radiosonde. (l/.S.W.B. p/iofo.,) 

and air pressure readings. You have already 
read about the instruments used to measure 
some of these weather elements. 

Measurements are made not only on 
the ground but also in the upper air. 
Weather balloons are used to secure 
weather information at high altitudes. 
These balloons carry a tiny broadcasting 
station known as a radiosonde suspended 
beneath them. The radio signals sent from 
the radiosonde are received by the weather 
station on the ground. These signals give 
the temperature, air pressure and humidity 
at different altitudes. The weather balloon 
finally bursts when it reaches high alti¬ 
tudes. When this happens, a parachute 
opens to carry the radiosonde to the 
ground. Instructions are printed on the 
case of the instrument which enable the 
finder to mail back the radiosonde in re¬ 
turn for a government reward. 
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The Weather Map. The weather 
forecaster must get a picture of weather 
conditions throughout the country. For 
this purpose, the vast amount of informa¬ 
tion that is received in Washington is re¬ 
corded on an outline map of the United 
States known as a weather map. Instead of 
using words to record the weather condi¬ 
tions, the Weather Bureau uses symbols. 
There are symbols to represent the wind 
speed and direction. There are marks which 
indicate the amount of precipitation and 
the condition of the skies. There are num¬ 
bers that show the air pressure and the 
temperature at different places. Look at 
the map in Fig. 6-34. 

Highs and Lows. As you study the 
weather map you will notice the words 
“high” and “low” in certain areas. This 
refers to the air pressure, or barometric 
pressure in these regions. Surrounding each 
of these areas are a number of solid curved 
lines. These lines are drawn through places 
that report the same air pressure. The fines 
are called isobars. You may remember that 

Fig. 6-33. These lines , called isobars , 
are drawn through places that have 
the same air pressure. The highest 
pressure on this map shows 31.1 inches 
of mercury; the lowest 29.6 inches. Of 
course the locations of highs and lows 
and air pressures vary from day to 
day. (Courtesy U.S.W.B.) 









WEATHER BUREAU FORECAST--Rain is predicted for tomorrow in Gulf coast. 
Pacific northwest and south Atlantic states. Snow is expected in upper and midd e 
Mississippi Valley,central Plains and eastern slopes of northern Rockies It wi 
remain cold in eastern third of country, with a warmer trend in central U. S. 

Fig. 6-34. This is a type of weather map that is printed in many newspapers. 
The large map shows the weather for Monday, December 5th. The small map 
in the lower left corner forecasts the weather for the next day. Most of the 
numbers represent the temperatures for the different areas. However, inside 
the large circles representing highs and lows are numbers that represent air 
pressure. The stationary broken line represents an air mass that shows little 
movement. The occluded double broken line represents a front where warm air 
has been lifted by a wedge of cold air. The arrows show the wind direction and 
air mass direction. (Wirephoto weather map, courtesy Associated Press.) 


we measured air pressure in inches of mer¬ 
cury. The Weather bureau often measures 
in millibars. One inch of mercury is equal 
to about 34 millibars. Radio and television 
forecasters continue to use inches in de¬ 
scribing the barometer reading. 

What is the meaning of these highs 
and “lows”? The barometer reading tells 
us something about the condition of the 
air. For example, air which is becoming 
warmer will become lighter in weight as its 
molecules spread apart. Therefore, the air 
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pressure and the barometer reading will 
fall. Warmer air usually carries much mois¬ 
ture. As the warm air rises, clouds will 
form. Thus, a falling barometer indicates 
that warmer, cloudy weather with possible 
precipitation is on its way. Cold air is 
heavier and drier than warm air. This 
means that the air pressure will be higher 
in such an area. If a “high” is coming your 
way, it will probably bring cooler air and 
fair skies. Pressure areas also tell us some¬ 
thing about local winds. The center of a 
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high” lias greater air pressure than its 
surroundings. Winds will therefore blow 
out of the “high.” The center of a “low” has 
less air pressure than the area around it. 
Therefore, winds will blow into a “low.” 

In the United States, “highs” and 
“lows” generally move across the country 
from west to east. Their rates of speed are 
also known. This helps the weatherman, 
since he knows what kind of weather the 
moving pressure areas will bring. 

Most newspapers publish a daily 
weather map. This is most often a copy of 
the official map issued in Washington, D.C. 
It shows the weather conditions as reported 
from the various weather stations through¬ 
out the United States. You can also receive 
a daily map in the mail from the Weather 
Bureau if you pay a small sum for it. If 
you collect the weather maps from your 
newspaper for a few days in succession 
you may be able to see the movement 
of “highs” and “lows” across the country. 
Perhaps, with some practice, you will soon 
be able to predict the weather with a good 
percentage of accuracy. 

About two hours after the Weather 
Bureau has received its station reports, 
forecasts are sent out by radio, telegraph 
and mail. Forecasts which are made one 
day in advance have been found to be 85 
to 90 per cent accurate. Forecasts for 
shorter periods of time — usually six hours 
— are made for aircraft. These forecasts are 
almost always correct. 


THE VALUE OF FORECASTS 

Aviators, Farmers, and Seamen. 
What are some of the ways in which 
weather reports and forecasts are valuable 
to man? Of course, the aviator is affected 


seriously by the conditions of the weather. 
He must know the wind speed and direc¬ 
tion. He must be forewarned of approach¬ 
ing storms. The height of the clouds and 
the visibility are also important. Weather 
conditions are radioed to pilots constantly 
along the routes of their flights. Most air¬ 
ports employ their own weather staffs to 
cooperate with the Civil Aeronautics Au¬ 
thority in interpreting government reports 
and in watching the local weather. The ex¬ 
cellent safety records achieved by airplanes 
in the last few years are due, in part, to 
more efficient weather reporting. 

Fig. 6-36. Sea breezes during the day 
and land breezes at night can be pred¬ 
icted for a region near a large body 
of water. (Courtesy C.A.A. “Realm of 

Flight r) 
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Farmers are also greatly assisted in 
their work by weather forecasts. If the 
farmer knows of an approaching storm, he 
can protect some of his young plants in 
advance and shelter his livestock. If the 
farmer raises oranges or other fruits he 
may set out “smudge pots” or infrared 
heaters if the forecast is for frost. This is 
a common procedure among fruit growers, 
and many millions of dollars worth of crops 
are saved from freezing each year. 

Ships at sea find weather forecasts 
most important. Storm warnings are sent 
out urging small craft to make for port in 
case of an expected storm. These warnings 
mean the difference between life and death 
for many ships and their crews. 

Hurricanes. Violent storms with 
winds over 100 miles per hour often rage 
up along our eastern seacoast in late sum¬ 
mer and early fall. These storms, or hurri¬ 
canes, can inflict millions of dollars worth 
of damage on the cities and towns in their 
paths. In 1954, there were three such dan¬ 
gerous storms, nicknamed “Carol,” “Edna,” 
and “Hazel.” The warnings issued by the 
Weather Bureau gave the people in the 
affected areas ample time to protect them¬ 
selves and their property. Ships and air¬ 
planes were tied down, windows were 
boarded up, people stayed near shelter and 
stocked up on foods and emergency lights. 
As a result, the hurricanes did much less 
damage than they would have otherwise. 

You Are Also Affected. Many people 
owe their lives to the advance forecasts of 
the Weather Bureau. In your city, the elec¬ 
tric light companies and the transportation 
industry keep a close watch on the weather 
forecaster. Will extra power be needed as 
a storm approaches and darkens the sky? 
Will bus travel be snarled by a snowfall? 
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Will the rail switches be frozen by a sudden 
cold spell? These questions must be an¬ 
swered in advance for the sake of safety. 
The weatherman usually has the answer. 

The Sanitation Department of your 
city wants to know what the weather will 
be. This enables the Department to pre¬ 
pare trucks for snow removal or for sanding 
icy streets. Also, the Sanitation workers 
can be alerted to report back for extra work 
if a snowfall should arrive. 

The telephone and other utility com¬ 
panies prepare extra crews when a storm 
is expected. Thus, emergency repairs can 
be made in case of power failure caused by 
wind or water. 

Many merchants depend upon weather 
forecasts for the efficient operation of their 
businesses. The ice cream vendor will in¬ 
crease his stock if a heat wave is predicted. 
The garageman wall be prepared with 
“anti-freeze” and snow tires if it suddenly 
turns cold. The hardware merchant will 
check his supply of rock salt and snow 
shovels at the first warning of a snow storm. 

People who work outdoors listen care¬ 
fully for weather reports each day. Brick¬ 
layers and masons, for example, know that 
their mortars and cements will not set prop¬ 
erly if the temperature goes too low. Other 
plans for their working day can be made 
if the weather is known in advance. Out¬ 
door events are often postponed when the 
weather is bad. Think how important the 
forecast must be to the man who manages 
the “hot dog” stands in a great ball park. 

Of course, you, too, are affected by 
weather forecasts. The plans that you 
make, the clothes you prepare, and the ac¬ 
tivities you look forward to depend upon 
the weatherman’s forecast. Here is another 
example of the importance of science in 
your everyday life. 
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1. The blanket of air that surrounds 
us covers the entire surface of the earth and 
extends upward for many miles. It is 
essential to our lives. 

2. Air is a real substance. It occupies 
space; it has weight; it exerts pressure. 

3. The pressure of the air can be meas¬ 
ured with a barometer. Many useful de¬ 
vices depend upon air pressure for their 
operation. 

4. The air is a mixture of gases. These 
gases include oxygen (21 per cent), nitro¬ 
gen (78 per cent), carbon dioxide, water 
vapor, argon, neon, and others. 

5. The oxygen in air is needed for 
breathing and burning. Breathing and the 
rusting of iron are examples of slow oxida¬ 
tion. Burning is rapid oxidation. 

6. Impurities in the air may be harm¬ 
ful to health. The government and indus¬ 
try are taking steps to reduce these impuri¬ 
ties. We, as individuals, can also help. 

7. The air determines our weather. 
The temperature of the air, the amount 
of water vapor it contains, and the winds 
are the basic elements of weather. These 



can be measured with special instruments. 

8. The moisture in the air may con¬ 
dense to form dew, frost, or clouds. The 
main cloud types are cirrus, cumulus, stra¬ 
tus and nimbus. Clouds may precipitate 
in the form of rain, snow, sleet, or hail. 

9. An air mass is a vast quantity of air 
which has roughly the same temperature 
and humidity. Movement of air masses 
causes changes in the weather. 

10. Weather can be predicted in ad¬ 
vance. The Weather Bureau uses a 
weather map to analyze weather condi¬ 
tions all over the country. By observing 
these conditions and watching the move¬ 
ment of weather, it can make fairly accu¬ 
rate predictions. 

11. Low pressure areas usually bring 
warmer and cloudy or rainy weather. High 
pressure areas usually mean fair weather. 
These “highs” and “lows” generally move 
across the United States from west to east. 

12. Weather forecasts are important to 
aviators, seamen, farmers, merchants, 
businessmen, public utilities, government 
agencies, and individuals. 



1. To demonstrate that rusting is the 
result of a combination of oxygen with 
iron in the presence of moisture, you can 
try this experiment: 

a. Obtain two test tubes of the same 
size, a wad of steel wool (iron), and a 
wide beaker or dish. 


b. Thoroughly wet some of the steel 
wool and push it down into one test 
tube loosely so that it takes up about 
one inch of space. Leave the other 
test tube empty. 

c. Fill the beaker or dish with water to 
the height of about an inch. Invert 
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both test tubes straight down into 
the water and support them so that 
they will stand upright. 

d. After 24 hours, examine the test 
tubes. What has formed on the steel 
wool? Notice that water has seeped 
into one test tube. Which one? 
About what percentage of the test 
tube does the water occupy? Explain 
your results. 

2. Rusting of iron and breathing are 
examples of slow' oxidation. Show how the 
rapid oxidation (burning) of a candle dif¬ 
fers from rusting. 

3. Exhale against a shiny, cold surface 
to show' that breathing produces water va¬ 
por. Explain how it is formed. 

4. Limewater is a liquid which turns 
milky white in the presence of carbon di¬ 
oxide. Obtain some fresh limewater from 
your teacher or from the drug store. Here 
are activities which will show you some 
sources of carbon dioxide: 

a. Hold your breath for 30 seconds and 
then breathe out gently through a 
soda straw into a beaker containing 
some limewater. As the bubbles of 
gas enter the limewater, what hap¬ 
pens to the color of the liquid? Why 
were you asked to hold your breath? 
Where does the carbon dioxide come 
from? 

b. Secure a candle to the bottom of a 
glass tumbler with some melted wax. 
Pour limewater into the tumbler so 
that it surrounds the candle to a 
height of about one inch. Light the 
candle and place a flat piece of glass 
over the top of the tumbler. When 
the candle goes out, shake the tum¬ 
bler so that the limewater “swishes” 
about. What happens to the color 
of the limewater? 


5. Cobalt chloride is a substance which 
can be used to estimate the humidity. Try 
to obtain some crystals of cobalt chloride 
from your teacher or from a chemical sup¬ 
ply house. Dissolve enough crystals in a 
test tube full of water so that you get a 
dark red solution. Thoroughly wet a white 
blotter with the solution and allow it to 
dry. On a damp day the blotter will re¬ 
main pink. On a dry day it will turn blue. 
You may have seen “weather dolls” which 
use cobalt chloride solution as a weather 
indicator. 

6. Make a survey of your class to deter¬ 
mine how many pupils are affected by pol¬ 
len allergies. Extend your list to include 
the immediate families of the pupils. Re¬ 
port on the methods that each sufferer uses 
to obtain relief from the symptoms. 

7. Allow a piece of bread to stand in 
the air for a few hours. Wet the bread 
slightly and place it in a jar with a cover 
to keep it from drying out. Put the jar 
in a warm, dark closet. After a few days 
examine the jar. What has happened to 
the bread? What does this tell you about 
air pollution? 

8. Find out what steps are being taken 
in your city or community to eliminate or 
reduce air pollution. 

9. You may want to build working 
models of some of the weather instruments. 
You can easily construct a wind vane, 
anemometer, barometer, hair hygrometer, 
and rain gage. Use the references at the 
end of this book or any other sources of 
information from your library. 

10. A class committee may want to set 
up a weather bureau in your school. Ob¬ 
tain as many instruments as possible and 
set them up with the help of your teacher. 
Take your “readings” every morning and 
afternoon at the same time each day. Pre- 
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pare charts which will include the date 
and time of your observations. Include 
space for temperature, barometric pres¬ 
sure. wind speed, wind direction, humidity, 
cloud formations, and precipitation. Com¬ 
pare your observations with those of the 
Weather Bureau as reported in the news¬ 
paper. 

11. Report to the class on artificial rain- 
making by the “seeding” of clouds with 
dry ice. 

12. Obtain a copy of the Beaufort scale 
of wind velocity. See if you can estimate 
the speed of the wind by the descriptions 
given on the chart. 

13. Clip the weather forecast from your 
newspaper for a period of a month. Pre¬ 
pare a chart containing three columns. 
Head the columns as follows: Date; Fore¬ 
cast; Actual Weather. See what the fore¬ 
caster’s average of accuracy is for the 
month. Each member of a class committee 
of six can take one .month and continue 
this project for a half year. The results for 


a longer period of time will be more reveal¬ 
ing. 

14. A committee can report on the 
weather work that goes on in a large air¬ 
port. The investigation may be carried on 
by actual visits or by correspondence. 

15. You might like to visit your local 
weather station. Secure permission by let¬ 
ter or telephone and make arrangements 
for a group visit. Take careful notes and 
report your findings to the class. 

16. A class committee might undertake 
to post the daily weather map on the bulle¬ 
tin board. Keep at least five successive ones 
up at one time so that you can trace the 
movement of “highs” and “lows.” 

17. Make a list of weather sayings or 
proverbs. Try to find out how they origin¬ 
ated. Which ones do you think have a 
scientific basis? 

18. Read about unusual weather condi¬ 
tions like hurricanes, tornadoes, and ty¬ 
phoons. Report your discoveries to your 
class. 



1. The instrument used to measure air 
pressure is the (a) anemometer, (b) hy¬ 
grometer, (c) barometer, (d) weather vane. 

2. Normal air pressure per square inch 
at sea level is roughly (a) 30 pounds, (b) 
1002 pounds, (c) 15 pounds, (d) 17 pounds. 

3. Oxygen composes approximately 
what percentage of the air? (a) 20 per cent, 
(b) 80 per cent, (c) 50 per cent, (d) 5 per 
cent. 

4. Most of the air is (a) carbon diox¬ 
ide, (b) water vapor, (c) argon, (d) nitro- 
gen. 


5. The fuel which produces the great¬ 
est amount of smoke when burned is (a) 
anthracite coal, (b) bituminous coal, (c) 
coke, (d) natural gas. 

6. In the Fahrenheit temperature sys¬ 
tem, water freezes at (a) 0 degrees, (b) 12 
degrees, (c) 32 degrees, (d) 100 degrees. 

7. The most comfortable average tem¬ 
perature is about (a) 50°F., (b) 60°F., (c) 
70°F., (d) 80°F. 

8. The hair hygrometer measures (a) 
wind speed, (b) temperature, (c) air pres¬ 
sure, (d) humidity. 
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9. High, icy clouds are called (a) cu¬ 
mulus, (b) cirrus, (c) stratus, (d) nimbus. 

10. Lines which connect places of equal 

MORE QUESTIONS 

1. What are some of the reasons for 
exploring the upper atmosphere? 

2. Can you demonstrate that air is a 
real thing? 

3. Explain how air pressure can be 
measured. 

4. Describe the composition of the air. 

5. Describe some of the measures that 
are being taken to reduce pollution of the 
air. 

6. How does the condition of the at¬ 
mosphere determine the weather. 



1. Carpenter, Shirley and Neurath, 
Marie: Icebergs and Jungles. Gar¬ 
den City Books, 1954. 

a. The sun and seasons, pp. 6-8 

b. Rain and the air. pp. 9-11 

c. Ocean breezes, pp. 20-21 
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Our Changing Weather. Doubleday 
& Co., Inc., 1954. 

a. What makes the weather? pp. 
9-12 

b. Clouds, pp. 46-57 

c. Thunderstorms and lightning, 
pp. 63-68 

d. Forecasting weather, pp. 108-110 

3. Hood, Peter: The Atmosphere. Ox¬ 
ford University Press, 1952. 


air pressure on a weather map are known 
as (a) millibars, (b) isobars, (c) fronts, (d) 
air masses. 


7. Explain the expression: “It’s not 
the heat; it’s the humidity.” 

8. What are the chief causes for 
changes in the weather? 

9. Explain the weather changes along 
a cold front; along a warm front. 

10. Explain how clouds are formed. 

11. How are weather maps constructed? 

12. How are weather maps used in fore¬ 
casting? 

13. What are some of the values of 
weather predictions? 



a. Clouds, pp. 12-21 

b. Prevailing winds, pp. 34-35 
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Random House, Inc., 1953. 

a. How r the sea controls our cli¬ 
mate. pp. 135-140 
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6. Spilhaus, Athelstan: Weathercraft. 
Viking Press, 1950. 

a. Humidity, pp. 34-43 

b. Atmospheric pressure, pp. 51-55 

7. Tannehill, Ivan R.: All About the 
Weather. Random House, Inc., 
1953. 


AIR AND WEATHER 


267 




This glossary lists words and terms that 
may he* new or technical to you. The defini¬ 
tions given are brief. If you want to learn 
more about a particular word or term, look 
it up in the Index and then turn to the 


pages in the book where it is discussed at 
greater length. 

The more unfamiliar words have 
phonetic spellings in parentheses to help 
you pronounce them. 


KEY TO PRONUNCIATION 


a as in ate 
.1 as in vacation 
a as in care 
A as in am 
<1 as in account 
a as in arm 
a as in ask 
a as in sofa 
C as in eve 
<• as in here 
£ as in event 


£ as in end 
£ as in silent 
c as in maker 
I as in ice 
i as in ill 
i as in possible 
ng as in ink 
6 as in old 
6 as in obey 
6 as in lord 
6 as in not 


6 as in connect 
oi as in oil 
oo as in food 
do as in foot 
tft as in nature 
tf as in cube 
ft as in unite 
ft as in urn 
u as in up 
u as in circus 
zh as in azure 


addict (S'dikt): one who is giyen over to a 
habit, usually a bad one (e.g., a drug addict), 
adulteration (d'dul'tepa'shun) of food: add¬ 
ing one substance to another to cheapen it 
(e.g., adding water to milk), 
algae (al'je): a group of water plants ranging 
from one-celled organisms to long seaweed, 
possibly useful as a future source of food, 
allergy (al'er*jl): a bad reaction in some peo¬ 
ple to substances such as pollen, dust, or 
certain foods. 

alloy (a-loi'): a mixture of metals (e.g., brass 
is a mixture of copper and zinc), 
anemometer (an'£’m6m'£*ter): an instrument 
that indicates the speed of wind in miles 
per hour. 

aneroid (&n'er*oid) barometer: a barometer 
that contains no liquid; registers atmos¬ 
pheric pressure when air presses against the 
surface of a vacuum box. 
antibodies (an'thbod'Iz): protective substances 
in the blood that help to fight disease germs, 
artery (ar'terd): a blood vessel that carries 
blood away from the heart, 
artesian (ar*te'zhdn) well: a well made by 
boring into the ground deep enough to 
reach water that has internal pressure and 
will therefore gush to the surface. 


asteroid (as'ter*oid): one of the small planets, 
also called planetoids, found between Mars 
and Jupiter. 

astigmatism (n*stig'md*tiz’m): a defect of the 
eye that causes blurred images, where the 
eye does not see with the same degree of 
clearness in all directions. 

astronomer (<5s*tr6n'6*mer): a scientist who 
observes and studies the stars and other 
heavenly bodies. 

atmosphere (at'm<5s*f?r): the layer of air which 
surrounds the earth, extending to about 6oo 
miles up. 

atom (&t'um): the smallest particle of an ele¬ 
ment which keeps the properties of that 
element. 

auditory (o'dhtd'ri) nerve: the nerve that con¬ 
nects the ear with the brain, to carry sound 
messages. 

authority (o*th6r't*ty): one whose knowledge 
or judgment on a subject is entitled to ac¬ 
ceptance; an expert. 

balanced diet: a diet in which all the neces¬ 
sary food materials are present in about the 
right amounts. 

barometer (bd*rdm'6*ter): an instrument for 
measuring the pressure of the air; also used 
in forecasting weather. 
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bronchi (brong'ki): the two main branches of 
the windpipe leading to the lungs, 
calorie (kal'6*ri): the amount of heat needed 
to raise the temperature of one gram of 
water one degree centigrade. A large 
Calorie (capital C) is equal to 1000 calories. 
The value of food as a fuel is measured in 
Calories. 

capillaries (kap'Mer'Iz): the smallest blood 
vessels in the body, offshoots of arteries and 
veins. 

carbohydrate (kar'b6*hi'drat): a food nutrient 
that contains carbon, hydrogen, and oxygen 
(e.g., sugar and starch). 

chlorophyll (klo'r6-fil): the green material in 
plants that enables them to make sugar, 
cirrus (slr'f/s) clouds: wisp-like, feathery 
clouds found at high altitudes, 
cold front: the boundary line where a cold 
air mass pushes under a warm air mass, 
condensation: the change from a gas to a 
liquid (e.g., water vapor to rain), 
constellation: a group of stars forming a pat¬ 
tern or figure. 

contagious (k<5n*ta'jf/s) disease: one that 
spreads easily from person to person, 
cornea (kor'n£-d): the front, transparent part 
of the outer coat of the eyeball, 
crystal: a natural substance that has, as sides, 
regularly arranged flat surfaces which give 
it a definite shape (e.g., a grain of salt, a 
diamond). 

cumulus (ku'miidiis) cloud: a cloud formation 
with a flat base and a billowy, heaped-up 
mass with a dome-like top. 
detergent (d£*tur'jent): a cleaning agent, 
disease epidemic (di*zez' ep7*d£m'Ik): wide¬ 
spread contagious disease in a community, 
disinfectant (dls'in*f£k't<5nt): a substance used 
to kill living microbes that might cause 
disease. 

distillation (dls'tMa'shun): the process of 
purifying a liquid by heating it to form a 
gas and then cooling and condensing the 
gas. 

dry cleaning: a cleaning process that does not 
use water. 

eclipse (£*klips') of the moon: the darkening 
of the moon when it passes into the shadow 
cast by the earth. 


eclipse (^-klips') of the sun: the darkening of 
the sun when the earth passes into the 
shadow cast by the moon, 
element (element): a substance that cannot 
be broken down into simpler substances by 
ordinary chemical means (e.g., oxygen, sul¬ 
fur, iron). 

epidermis (ep'bdur'mls): the outer layer of 
the skin of an animal or the leaf or bark of 
a plant. 

Eustachian (usta'kWm) tube: an air tube 
leading from an opening in the middle ear 
to the back of the mouth, 
evaporate (£-vap'6-rat): to change from a solid 
or liquid into vapor (e.g., water into steam 
or water vapor). 

fat: a nutrient used by the body as a good 
source of energy; also stored tissue in fat 
cells. 

filtration: the process by which a liquid is 
passed through a filter and undissolved ma¬ 
terials are removed (e.g., removing solid 
particles such as sand from water), 
fuel: a material that is burned to supply heat 
(e.g., coal, gasoline). 

galaxy (gM'flk-sI): an island in space made up 
of billions of stars (e.g., our sun is one of the 
countless stars in the Milky Way galaxy). 
Geiger (gi'ger) counter: an instrument used 
to detect the presence of “tagged atoms.” 
glacier (gla'sher): a large mass of slowly mov¬ 
ing ice formed in a region of perpetual 
snow. 

goiter (goi'ter): a swelling of the thyroid gland 
of the neck, often due to lack of iodine in 
the food supply. 

humidity (hu-mid'HI): the amount of water 
vapor in the air. 

hygrometer (hl‘gr6m'*£*ter): an instrument for 
measuring the moisture in the atmosphere, 
igneous (ig'n£*iis) rock: rock formed from hot 
or molten materials from within the earth 
(e.g., granite, basalt). 

immune (bmun'): protected against disease by 
antibodies in the blood, 
iris (i'ris): the colored portion of the eye 
around the pupil. 

isobar (i's6*bar): a line on a weather map 
joining points where the barometric pres¬ 
sure is the same. 
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laboratory (lab'6-Ri-to'ri): a place where scien¬ 
tific experiments and investigations are 
carried on. 

latitude (lat'Mud): distance north or south of 
the equator measured in degrees, 
longitude (lon'ji-tud): distance measured in 
degrees east or west of Greenwich, England, 
malnutrition (m5l'nu‘trish'wn): improper 

nourishment of the body due to lack of food 
or to a poorly balanced diet, 
metamorphic (mdt'd-mor'fik) rock: igneous or 
sedimentary rock which has been changed by 
heat and pressure (e.g., marble, slate), 
meteor (me't£*er): a small heavenly body that 
burns up and glows as it passes through the 
earth’s atmosphere. (Also called a "shooting 
star.”) 

meteorite (me't£*er*it): a meteor that landed on 
the earth’s surface (because the meteor did 
not burn up completely), 
mineral (mln'erv?l): a substance with definite 
chemical composition found naturally in the 
earth (e.g., iron, calcium, quartz), 
molecule (mol'£-kul): the smallest part of any 
substance which has the properties of that 
substance (e.g., the smallest particle of water 
that has the properties of water), 
narcotic (narkot'Ik): a drug that can relieve 
pain or produce sleep; usually dangerously 
habit-forming. 

neap tides: tides occurring at the first and third 
quarters of the moon. 

nimbus cloud: a dark, low-hanging rain cloud, 
nutrient (niVtrW'nt): one of the six types of 
food substances. 

oculist (6k'u-llst): a doctor who specializes in 
the care of the eyes. 

ophthalmoscope (6f*thal'm6*sk6p): an instru¬ 
ment used to examine the eye. 
optic nerve: the nerve that connects the retina 
of the eye with the brain, 
orbit: the path that a heavenly body takes as it 
revolves around another body, 
ore: a mineral from which an element, usually 
a metal, may be extracted economically (e.g., 
hematite is an ore of iron), 
otoscope (o't6-sk6p): an instrument used to 
examine the ear. 

phases of the moon: changing views of the 
moon as seen from the earth. 


photosynthesis (fo'to-sln'th^-sis): the process by 
which a green plant makes sugar and oxygen 
from carbon dioxide and water, in the pres¬ 
ence of sunlight. 

planetoid (pl5n'6t*oid): one of the thousands of 
small ‘‘baby planets” located between Mars 
and Jupiter; also called asteroid, 
plasma (plaz'mri): the liquid part of the blood, 
mostly water and dissolved minerals and 
other soluble foods. 

polluted (p6*lut'£d) air: air that contains harm¬ 
ful impurities. 

precipitation (pr^sip'Ha'shun): moisture con¬ 
densed from the atmosphere and falling, usu¬ 
ally as rain or snow. 

prime meridian (prim mSTid'Hln): a line 
passing through Greenwich, England, which 
marks the zero degrees longitude points on 
the earth. 

protein (pro't£*in): a food nutrient that con¬ 
tains nitrogen, as well as other ingredients, 
pupil of the eye: the dark center through 
which rays of light pass to the retina, 
quarantine (kwor'amten): a method of pre¬ 
venting contagious diseases from spreading, 
by isolating sick persons, 
radiosonde (ra'dl^-sond'): an instrument sent 
up in a balloon by weather stations to send 
automatic radio messages giving the temper¬ 
ature, pressure, and humidity at different 
heights. 

raw materials: substances in their natural 
state found in or on the earth, 
research (r£-siirch'): a careful study or inves¬ 
tigation in an effort to find new information 
or facts. 

respiration (res'pl-ra'shwn): the act or process 
of breathing. 

retina (ret'bnrt): the inner sensitive coating of 
the eyeball, upon which images form, 
revolution of the earth: the earth’s going 
around the sun (in one year), 
rickets (rlk'ets): a disease of the bones caused 
by a lack of Vitamin D. 
rotation of the earth: the earth’s turning 
about its axis or center (one complete turn 
in one day). 

satellite (sat'gdit): a heavenly body that re¬ 
volves about a larger one (e.g., the moon is 
the earth’s satellite). 
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scientific method: a systematic procedure by 
which a problem is solved, 
sea breeze: a wind blowing from a body of 
water to the land; the opposite of a land 
breeze, which blows from the land to the 
water. 

sedimentary (sed'i*men'ta*ri) rock: rock 
formed from water deposits, 
skeptic (skep'tlk): a person who has a doubt¬ 
ing mind and is difficult to convince, 
smog: a mixture usually of smoke and fog. 
solar system: the sun, the planets and their 
moons, and the planetoids, 
solution (sddu'shtin): a mixture, usually a 
liquid, containing a substance that is dis¬ 
solved and a substance that does the dis¬ 
solving (e.g., sugar in water), 
solvent (sdl'vSnt): a substance, usually a liquid, 
that will dissolve other substances (e.g., 
water). 

sphygmomanometer (sfig'm6*ma*nom'£*ter): 
an instrument used to measure blood pres¬ 
sure. 

spring tides: tides occurring at new moon and 
full moon; the highest tides in a month, 
stethoscope (steth'6*skop): an intrument which 
a doctor uses to examine the heart or lungs 
by listening through it to the sounds which 
they make. 

stomate (std'mat): a tiny opening in a leaf, 
through which air and water vapor pass, 
stratosphere (str2t'6*sf?r): a layer of the at¬ 
mosphere (air) about 10 to 50 miles above 
sea level. 

stratus (stra'tus) cloud: a formation made up 
of layers, usually found at low altitudes. 


superstition (su'pepstlsh'wn): a belief or fear 
that is accepted without proof or evidence, 
tagged atom: a radioactive atom which can 
be traced or detected by a Geiger counter, 
thermostat (thur'mb-stat): a device that regu¬ 
lates temperature automatically, 
tincture (tlngk'tur): a solution in alcohol, 
troposphere (trop'o'sf^r): the layer of atmos¬ 
phere (air) nearest the surface of the earth, 
about five miles high at the poles and about 
ten miles at the equator, 
turbine (tur'bln): a wheel or series of wheels 
with curved blades against which water or 
steam or gases are driven to furnish power, 
vaccination (vSk'sbna'shwn): the process of 
injecting a vaccine to produce an immunity 
to a particular infectious disease, 
vacuum (vak'iViim): a space that contains no 
air or other material. 

vein (van): a blood tube, with valves along its 
length, that carries blood toward the heart, 
vitamin (vi'ta*mln): a complex food nutrient 
needed, in small amounts, to avoid defi¬ 
ciency diseases. 

waning of the moon: the period of about 14 
nights when the lighted portion of the 
moon appears to get smaller, 
warm front: the boundary line where a warm 
air mass moves in to displace a cold air mass, 
water table: the level to which the under¬ 
ground water rises in the soil, 
waxing of the moon: the period of about 14 
nights when the lighted portion of the 
moon appears to grow larger, 
wind vane: an instrument that shows the direc¬ 
tion of the wind. 
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Animals (con#.) 


Accrola tree, Vitamin C source, 65 
Acne, problem of, 117-118 
AC IH, 197 
Adrenalin, 197 
Adulteration of food, 26 
Advertisements, 14 
drug products, 26-27 
vitamin claims, 66 
Agriculture, Department of, health 
activities, 25 
Air, 233-246 

gases in, 237-240 (sec also 
Gases: in air) 
impurities in, 240-243 
keeping it clean, 243-246 
liquid, 193-194 
masses, 254-256 
changes along front, 255-256, 
259 

kinds of, 255 
movement of, 255 
sources of, 255 
materials from, 193-194 
movement of, 253-254 
poisonous gases in, 241 
pollution of, 21 
pressure, measuring, 235-237 
realness of, 234-235 
at sea level, 194 
smog, 241-242 
weight of. 235 

Airplanes, food carried by, 76, 77 
Air Pollution Control organizations 
and activities, 245 
Air sacs, in lungs, 115 
Alcohol, 122-124 
as depressant, 122 
effect on body, 122-124 
as solvent, 153 
Alcoholics, 124 
Aleutian Islands, 142 
Algae, 78 
Allergies, 243 
Alloys, 181 
defined,153 
Aluminum, 181-182 
utensils of, 13 

American Journal of Public Health, 
20 

Ammonia, 167, 185, 194 
Anemia, 53, 64 
Anemometer, 254 
Aneroid barometer, 236 
Animals: 

antibodies from blood of, 22-23 
experiments with, 9 
farm, 74 

how they get food, 72-75 
one-celled, 78 


plants and, dependence on one 
i another, 77-80 

raw materials from, 197 
Anthracite, 185 
Anthrax, 5-6 
Antibodies, 22, 23, 113 
Anti-histamines, 246 
Ants, 73-74 
Aphids, 73 
Aqueducts, 158 
Aqueous humor, 90 
Argon, 193, 194, 237 
Arteries, 107, 108, 113 
Artesian wells, 140 
Asbestos, 180, 193 
Ascorbic acid, 64 
Asteroids, 219 
Astigmatism, 93 
Astronomers, 214 
Athlete’s foot, 10-11, 118 
Atmosphere, 233-235 
Atomic bomb, 184 
Atomic energy, 15-16 
in sun, 220-221 
Atoms: 

defined, 15 
tagged, 16, 72, 184 
Atom smashers, 15 
Attitudes toward food, 55-57 
Auditory nerve, 96-97 
Aureomycin, 196 
Axis of earth: 

earth’s rotation on, 200-201 
slant of, 202 

Bacteria: 
in air, 243 
microscope and, 33 
nitrogen-fixing 79 
Balance, sense of, 88, 99-100 
Balanced diet, 53 
scorecard, 55 

Balance of nature, 78-80 
upsetting, 80 
' Balancing organ, 95 
Balloons, 233, 234 
weather, 257, 260 
Barometers, 235-236 
Bauxite, 179 
Beavers: 
dams, 160 
and lakes, 142 
Bell, Alexander Graham, 87 
Benzene, 185 
Betelgeuse, star, 222 
Birth certificates, obtaining, 21 
Bituminous coal, 185 
Blast furnace, 180 
Blindness, color, 90 


Blood: 

blood vessels, 106-108 
circulation of, 33, 113 
clotting of, 112, 113 
composition of, 112-113 
diseases of, 16, 30 
flow of, in lungs, 115 
pressure, 105, 111-112 
checking, 30, 31 
exercise and, 111, 112 
high and low, 112 
stains, removing, 169 
tests, 30 

waste products in, 113 
work of, 107-108 

Board of health, local, divisions of, 
20-25 

Body heat, measuring, 34 
Bonv structure of body, 125 
Bookkeeping, in health depart¬ 
ments, 24-25 
Booster shots, 23 
Borax, use of, 167 

Boulder Dam (see Hoover Dam) 
Brain, 100 
diseases of, 16, 30 
hearing center in, 94, 95, 96-97 
Brass, 182 

composition of, 153 
Bread, experiment with, 8-9 
Breathing, 114-116 
process of, 115-116 
Bromine, 151, 190 
uses of, 192 
Bronchial tubes, 115 
Bronchitis, 116 
detecting, 35 
Bronze, 182 

composition of, 153 

Caffeine, 196 
Calcium, 51 
Calories: 

measuring, 47-48 
recommended needs, table, 48 
Canals, 145, 146-147 
Cancer, 14, 16 
Capillaries, 33, 113 
in lungs, 115 
Carats as measure, 183 
Carbohydrates, 49, 50 
Carbon dioxide, 237, 239-240 
Carbon monoxide gas, 99, 241 
Carbon tetrachloride, 192 
Carver, George Washington, 197 
Cassiopeia, 222 

Celery, experiments with, 70, 71 
Cells of body, 110 
Cellulose, 195 

Centigrade temperature scale, 249 
Cereals, whole-grain, 62, 63 
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Chalk, 179 

Chemical elements, 15 
Chewing gum, removing from cloth, 
169 

Chlorine, 191-192 
Chloroform, 192 
Chlorophyll, 71, 72 
Cigarettes, 121-122 
marijuana, 124 
Circle, degrees in, 205 
Circulatory system, 113 
Cirrus clouds, 252 
Cities, water supply in, 157-160 
Citrus fruits, 65 

Civil Aeronautics Administration, 

258, 262 
Cleaning: 

agents used with water, 167 
dry, 167-168 

removing spots and stains, 168 

169 

soap (see Soap) 

Cleanliness, 163-170 
Climate, and Gulf Stream, 141 
Clinical thermometer, 34 
Cloth, removing stains from, 108- 
169 

Clouds: 

formation of, 251 
kinds of, 252 
Coal, 184-185 
kinds of, 185 
Coal gas, 185 
Coal tar, 185 
Cocaine, 124, 196 
Cochlea, 95 
Codeine, 124 

Coffee stains, removing, 169 
Coke, 180, 185 

Colds, ear trouble and, 95-96 
Color: 

red signal, 90, 102 
and sight, 93 
Colorado River, 144 
Color blindness, 90 
Concentrated solutions, 153 
Condensation of water vapor, 251 
Conservation of water, 160-162 
Constellations, 221-223 
locating, 222 
Control of experiment, 9 
Copernicus, Nicolas, 216 
Copper, 182 
Cork, 195 
Cornea, 90 

Corn plant, products from, 196- 
197 

Corona of sun, 220 
Corpuscles, red and white, 113 
Cortisone, 197 
Cotton, 196 
Cover crops, 161 
Cows, vaccinating, 23 
Crater Lake, Oregon, 142 
Crime, and narcotics, 124 
Cross-eyedness, 93 
Crude oil, 186 
Cumulo-nimbus clouds, 252 
Cumulus clouds, 252 
Currents, ocean, 141, 142 


Daily diet scorecard, 55 
Dams, 155-156, 162 
Dawn, 201 

Day and night, 200-201 
length of, 202-203 
Daylight saving time, 213 
DDT sprays and powders, 67 
Depressant, defined, 122 
Dermis, 116 
Detergents, 166-167 
Dew, formation of, 251 
Diabetes, 30, 46, 197 
Diaphragm, 115 
Dietary needs, 46, 47-55 
balanced diet, 53-55 
of boys and girls, 48 
daily allowances, table, 48 
vitamins, 60-66 
water, 61 
Digitalis, 196 
Dilute solution, 153 
Diseases, 14, 15 
from air pollution, 243 
causes or, 15 
conquest of, 16 

contagious or communicable,^22 
detecting, by stethoscope, 35 
epidemics, 22 
immunity' from, 22 
impure water and, 159-160 
microscope and, 33-34 
respiratory system, 116 
skin as evidence of, 118 
smoking and, 121-122 
tagged atoms and, 16 
that affect ear, 96-97 
that affect smell, 99 
Disinfectants, 163-164, 191 
Diving, 154 

ear trouble from, 90 
Drought, defined, 139 
Drugs: 

anti-histamines, 246 
from coal tar, 185 
Drunken drivers, 124 
Dry cleaning, 167-168 
Dry ice, 240 
Dust: 

control of, 245-246 
particles in air, 240, 242 
Dust storms, 245 


Ears, 94-97 
auditory nerve, 96-97 
eardrum, 94, 95 
earwax, 94 
examination of, 30 
hammer, anvil, and stirrup, 94, 
95 

hearing aids, 97 
injuries to, 96 
middle ear, 94, 96 
parts of, 94y95 
preventing injuries to, 95 
semicircular canals, 99-100 
sound transmitted by, 95 

frarth; 

movement around sun, 201-202 
picture from rocket, 198, 199 
planet, 217, 218 


Earth (cont.): 

rotation on axis, 200-201 
Earthquakes on ocean bottom, 142 
Eclipses: 

of moon, 209-210 

of sun. 210, 220 

Edison, Thomas A., 71 
Eijkman, Dr. Christian, 59-60 
Electrical power from dams, 156 
Electric eye. in smoke pipes, 244 
Electron microscope, 34 
Elements, chemical, 15 
Emulsion and emulsifying, defined, 
166 

Energy, foods for, 48-53 
England, climate of, 141 
Ephedrine, 196 
Epidemics of disease, 22, 23 
Epidermis, 116-117 
of leaf. 71 
Epsom salts, 193 
Ethyl, gasoline, 192 
Eustachian tube, 94-95 
Evaporation of water, 136, 137, 
138 

Exercise, and blood pressure, 111, 
112 

Experiments, 8-9 
Eyes, 88-94 
astigmatism, 93 

checking with eye doctor, 91-92 
cross-eyedness, 93 
defects of, 92-93 
examination of, 30 
eyeball, 89-90 
farsightedness, 92-93 
keeping them healthy, 90-91 
light colors and, 93 
light needs of, 93-94 
nearsightedness, 92 

Facts: 

from experiments, 8-9 
putting together, 9-10 
Fahrenheit temperature scale, 249 
Famine, 75 
Farsightedness, 92-93 
Fats, 49, 51 

Federal health services, 19, 25-27 
Fertilizers, 197 
Fever, 34, 111 
Fibrinogen, 112 
Filtration of water, 159 
Fire fighting, carbon dioxide in, 
239-240 
Fires, forest, 162 
Fish, 75, 77 
Fish liver oils, 66 
Flood waters, 161 
Fluorine in drinking water, 160 
Fluoroscope examinations, 31 
Fog, formation of, 251, 252 
Food: 

adulteration of, 26 
attitudes toward, 55-57 
carbohydrates, 49, 50 
from distant places, 75-77 
energy table, 48 
fats, 49, 51 
frozen, 77 
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loud (coni.): 

fuel value of, measuring, 47-48 
home-preparation of, 58 
how animals get, 72-75 
how man secures, 7 5-77 
low-cost, 57-58 

manufactured by leaves, 71-72 
minerals, 49, 51, 53 
needed by body, 46, 47-55 (see 
also Dietary needs) 
nutrition, science of, 46 
plants as source (sec Plants) 
producers of, 75 
protective foods, 62-63 
proteins, 49, 51, 52 
superstitions, 45 
types of, 49 

Food and Drug Administration, 25 
laws, 26-27 
Foot-candles, 93-94 
Forests, and water conservation, 
161-162 
Fossils, 189 

Franklin, Benjamin, 231 
Frigid zones, 207 
Frogs, 74-75, 78 
Frost, formation of, 251 
Frozen foods, 77 
Fruit: 
citrus, 65 

stains, removing, 169 
vitamins in, 62 
Fuels, 184-186 
rocket, 194 
Funk, Dr. Casimir, 60 
Furs, 197 

Galaxies, 222-223 
Gales. 254 
Garden, home, 58 
Gas, gases: 
in air: 

argon, 237 

carbon dioxide. 237, 239-240 
neon, 237 
nitrogen, 237, 239 
oxygen, 237-239 
water vapor, 237, 240 
coal, 185 

in liquid air, 193-194 
molecules of, 136 
natural, 186 
that pollute air, 241 
tear, 192 

Gasoline, 185, 186 
ethyl, 192 

Geiger counter, 15-16, 177-178, 
184 

Glaciers, 137 

lakes formed by, 142-143 
Glass, 188 
Glue, 197 
Gneiss, 189 

Gocthals, Col. G. \V„ 146 
Goiter, 16, 53 
Gold. 182-183 
carats, 183 
in sea water, 150 


Grand Canyon, Colorado River, 
144 

Grand Coulee Dam, 156 
Granite, 188-189 
Grasshopper, 73 
Grass stains, removing, 169 
Gravity, force of, 208-209 
Grease, removing from cloth, 169 
Great Lakes, 142, 143 

source of water supply, 159 
as water routes, 144-145 
Creat Salt Lake, 143 
Greenwich, England, 205 

meridian passing through, 212 
Cidf Stream, 141 

Hail. 138 
Hailstones, 253 
Hair, 117 

Hair hygrometer, 251 
Hale, Dr. George E., 214 
Halley’s comet, 219 
I lay fever, 243, 246 
I leadaches, 91 

Head colds, ear trouble from, 95- 
96 

Health: 

keeping fit, 28-36 (see also 
Keeping fit) 
laws, need for, 25-27 
scientific approach to, 19-27 
Health inventory, 28-29 
Health services, 19-25 
federal, 19, 25-27 
food, drug, and cosmetic laws, 
25-27 

local, 19, 20-25 
public, 19 
publications, 20 
voluntary private, 19-20 
Hearing, 88, 94-97, 102 (see also 
Ears): 
aids, 97 
tests, 97 
Heart, 106-109 
construction of, 106, 107 
contraction of, 107-108 
disease of, 16 
Hematite, 179 
Hemoglobin, 113 
Henry, Joseph, 257 
Heroin, 124 
Hides, 197 
Hives, 118 
Hooke, Robert, 32 
Hoover Dam, 156, 158, 162 
Hudson River, 144 
Humidity: 
comfort and, 250 
measuring, 250-251 
nature of, 250 
Hurricanes, 254 
forecasts of, 263 
Hydrochloric acid, 191 
Hydrogen, 149 
Hydrogen bomb, 220-221 
Hygrometers, 251 

Ice, 251 
dry, 240 


Icebergs, 137, 141 
Igneous rocks, 188-189 
Infantile paralysis, 9, 22-23 
Infections, ear, 96 
Ink stains, removing, 169 
Insects: 

chewing, 73 

sprays and powders, 67-68 
sucking, 73 

ways of securing food, 73-74 
Insulin, 197 

Inventories, health, 28-29 
Iodine, 51,53, 190, 192 
Iodized salt, 53 
Iris of eye, 90 
Iron: 

galvanized, 182 
mining, 180 

need of body for, 52-53 
Irrigation, 162 

Isobars, on weather maps, 260 

Japanese beetle, 73, 79-80 
Jellyfish, 75 

Jupiter, planet, 217, 218, 219 

Keeping fit, 28-36 

examination by doctor, 30-31 
microscope and, 31-34 
Keller, Helen, 87 
Kerosene, 186 
Kidneys, 107 

Krakatao, explosion of, 242 

Labor, Department of, health ac¬ 
tivities, 25 

Laboratory, defined, 7 
Labor Standards, Bureau of, 25 
Labrador Current, 141 
Lake Mead, 162 
Lakes, 142-143 
Lake St. Clair, 145 
Landslides, underwater, 142 
Langmuir, Dr. Irving, 249 
Latitude, 205-206 
Leap year, 202 

Learning, and the senses, 101-103 
Leather, 197 
Leaves of plants, 71-72 
Leeuwenhoek, Anton Van, 32 
Legumes, 79 
Lenses, making of, 32 
Lens of eye, 90 
Life span, increase of. 16 
Light, measuring, 93-94 
Lighting: 
needs, 93-94 
poor, 88-89 
Lightning, 14 
Limestone, 180, 187-188 
Linen, 196 
Lip reading, 97 
Lipstick stains, removing, 169 
Liquid air, 193-194 
Lister, Joseph, 163 
Longitude, 205-206 
Los Angeles, water supply, 158 
Lubricating oil, 186 
Lumber, 194-195 
Lunar month, 208 
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Lungs, 107 
air sacs in, 115 

cancer of, and air pollution, 243 
flow of blood in, 115 
Lye, 191 

Magnesium, 190, 192-193 
Magnesium bromide, 150, 151 
Malnutrition, 46 
Malpighi, Marcello, 33 
Maple sugar, 71, 195 
Marble, 189 

Marijuana cigarettes, 124 
Mars, planet, 217, 218, 219 
Meat: : 

transportation, 77 
production, 75 
products, 53, 63 
Medicine: 

microscope and, 31-34 
from molds, 196 
from trees, 195 
Meigs, Joseph, 257 
Mercuric oxide, 183 
Mercury, planet, 217-218 
Mercury, uses of, 183 
Mercury barometer, 235-236 
Meridians, 205-206 
Nlesabi Range, Minnesota, 180 
Metals, 179 

Mctamorphic rocks, 189 
Meteor Crater, 220 
Meteors, meteorites, 219-220, 233- 
234 
Mica, 189 
Microscopes, 31 
compound, 32 
doctor’s use of, 31-34 
electron, 34 
simple, 32 
story of, 31-33 

Mildew, removing from cloth, 169 
Milk: 

and milk products, as food, 51- 
52 

Vitamin D added to, 66 
Milk of magnesia, 193 
Milky Way, 222-223 
Millibars, on weather maps, 261 
Minerals, 179 
defined, 51 
in foods, 49 

as tissue builders, 51, 53 
in water, 150-152 
sea water, 190 
Molds, 243 
medicines from, 196 
Molecules: 
of gas, 136 
of water, 135-137 
Month, lunar, 208 
Moon, 207-210 
changes in look of, 207-208 
eclipses of, 209-210 
new, 208 

and tides, 208-209 
waning of, 208 
waxing of, 208 
Morphine, 124, 196 


Mosquitoes, 73 
Motion sickness, 100 
Motor trucks, food carried by, 76, 
77 

Mt. Everest, 140 
MOUSE, satellite, 232 
Mucous, 96 

Mucous membrane, 114 

Nail polish stains, removing, 169 
Narcotics: 
addicts. 124 
cure for, 124 
effects of, 124 
sources of, 196 
Natural gas, 186 
Nature: 

balance in, 78-80 
checks in, 79-80 
Nearsightedness, 92 
Neon, 193, 194, 237 
Neptune, planet, 217, 218-219 
Nerves, 88, 99, 100, 101 
Nervous system, 100-101 
New York City, water supply, 158 
Niacin, 63, 64 
Nicotine, 121 
Night and day, 200-201 
Nimbo-stratus clouds, 252 
Nimbus clouds, 252 
Nitrogen, 193, 194 
in air, 237, 239 
Nitrogen-fixing bacteria, 79 
Northern hemisphere, 203, 204, 205 
North Pole, 202, 203, 205, 206 
view of earth at, 201 
North Star, 202, 222, 223 
Nose, and smell, 98-99 
Nostrils, 98-99, 114 
Nurses, visiting, 23-24 
Nursing, public health, 21, 23-24 
Nutrition, science of, 46 
Nylon, 185 

Oasis, defined, 139 
Oceans: 

measuring depths of, 140-141 
movements of waters, 141-142 
ocean lanes, 145-146 
salt in, 190-191 
Oculist, 91 
Oil (see Petroleum) 

Oils, fish liver, 66 
Open pit mining, 180 
Ophthalmoscope, 30 
Opium, 196 
Optical center, 89 
Optician, 91-92 
Optic nerve, 90 
Optometrist, 91 
Orbit of earth, 201 
Ores, 179 

Orion, constellation, 222 
Otoscope, 30 
Oxidation, 115, 238 
Oxygen, 149, 193, 194, 237-239 
Oysters, pearls from, 197 


Paint: 

applying, 168 
removing from cloth, 169 
Panama Canal, 146-147 
Paper from wood pulp, 195 
Paraffin, 186 
Pasteur, Louis, 163 
Peanut plant, products from, 197 
Pearls, 197 
Pelton wheel, 155 
Penicillin, 196 
Penstocks, 155 

Perspiration, 34, 110-111, 116 
Petroleum, 179, 185-186 
Phosphorus, 51,53 
Photosynthesis, 72 
Physical examination, 104-118 
Piccard, Auguste, 231 
Pig iron, 180 
Pigment, in skin, 116 
Pipelines, natural gas, 186 
Pitchblende, 179, 184 
Planetoids, 219 
Planets, 216-219 

meaning of word, 216 
tabular information, 217 
Plants: 

and animals, dependence on one 
another, 77-80 
elevator system of, 71 
how they obtain food, 69-72 
leaves, 71-72 
pollen from, 243, 246 
raw materials from, 196-197 
roots of, 69-70 
Plasma, blood, 112-113 
Plastics, 195 

Pluto, planet, 217, 218-219 
Pneumonia, 116 
conquest of, 8 
detecting, 35 

Poison ivy, oak, sumac, 118 
Polar air masses, 255, 256 
Pole Star, 222, 223 
Polio, Salk vaccine, 9, 22-23 
Pollen: 

in air, 242, 243 
control of, 245-246 
Pollution of air, 240-243 
Pond, life in, 78 
Pores of skin, 116-117 
Precipitation, 252-253 
measurement of, 253 
smoke, 244 
Prime meridian, 205 
Problem solving (see Scientific 
method) 

Proteins, 49, 52 

as body builders, 51 
Psychologists, 56 
Public Health Reports, 20 
Public health services, 19 
Pulse, 104 

normal rate, 109 
taking, 108-109 
Pupil of eye, 90 
Pus, composition of, 113 
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Quarantine, 22 
Quinine, 195 

Rabbits. 7-1 

in Australia, 80 
Radioactive substances, 18-1 
Radioactivity, defined, 15 
Radiosonde, 260 
Radium, 15 

discovery of, 184 
Ragweed, 246 

Railroads, food carried by, 76, 77 
Ham. 138, 253 
formation of. 251 
Ham gage, 253 
Hamwater, 150 
Hashes, skin, 118 
Haw materials, 177-197 
from animals, 197 
from air, 193-194 
from earth, 179-184 
from plants, 194-197 
from sea, 190-193 
from underground, fuels, 184- 
186 

from rocks, 186189 
Has on. 195, 196 
"Heefers,” 124__ 

Hefrigeration, 77 
Hesearch. defined, 9 
Hesin, 195 
Hespiration, 115 
Hespiratorv system, 114-116 
diseases of, 116 
Retina of eye, 89. 90, 91 
Revolution of earth, 201 
Riboflavin. 63, 64 
Rickets, 66 
Rigel, star, 222 
Ring of life, 78-80 
Rivers, 143-144 
as water routes, 144 
Rockets. 232, 233, 234 
Rocks, 186-189 
collecting, as hobby, 189 
igneous, 188-189 
metamorphic, 189 
sedimentary, 187-188 
Rods and cones, 90 
Roots of plants: 
root hairs, 60-70 
tap roots, 69 

Rotation of earth, 200-201 
Rubber, 195 

in liquid form, 71 
Rust (iron oxide), 238 
removing from cloth, 169 

St. Lawrence Waterway, 145 
St. Petersburg, Florida, water sup¬ 
ply, 158 

Salk, Dr. Jonas E., 22 
Salk vaccine, 9, 22-23 
Salt, 179 
iodized, 53, 192 
in lakes, 143 
in sea water, 150 
table, sources of, 190 
uses of, 191 


Sandstone, 187 

Satellite, earth-circling, 231-232 
Saturated solutions, 153 
Saturn, planet, 217, 218, 219 
Schaefer, Dr. Vincent, 249 
Scientific method, 7-15 
experimenting, 8-9 
gathering facts, 8 
recognizing problem, 7-8 
solving problem, checking, 10-11 
| Scurvy, 64-65 
Sea sickness, 100 
Seasons, change in, 202-204 
Sea water: 

chemical elements in, 190 
salt in, 150 

Sedimentary rocks, 187-188 
Seedlings, transplanting, 70 
Semicircular canals, 99-100 
Senses, five, 88-103 
hearing, 88, 94-97 
learning and, 101-103 
as servants, 100-103 
sight, 88-94 
smell, 88, 98-99 
taste, 88, 97-98 
touch, 88, 99, 102 
when they deceive, 103 
Sensory organs, 88 
Scrum, blood, 112 
Sewage disposal, inspection of, 24 
Shale. 187, 188, 189 
I Shellac, 197 

Sight, sense of, 88-94 (see also 
Eyes) 

Silicon, 179 
Silk, silkworms, 197 
Silver, 182, 183 
Silver bromide, 151, 192 
Silver chloride, 192 
Silver coin, composition of, 153 
Skepticism, 11-12, 14 
Skin, 107, 116-118 
acne, 117-118 
athlete’s foot. 10-11, 118 
and disease, 118 
functions of, 116-117 
keeping it healthy, 117 
poison plants and, 118 
rashes, 118 
structure of, 116 
Slate, 189 
Sleet, 138, 253 

Smallpox, conquest of, 10, 22 
Smell, sense of, 88, 98-99 
Smog, 241-242 
deaths from, 242 
Smoke, 241 

control of, 21, 244-245 
precipitation, 244 
Smoking, 119-122 
disease and, 121-122 
Smudge pots, 251, 263 
Snow, 138, 253 
Soap, 164 

hard-milled, 167 
how it cleans, 166 
ingredients, 165 
kinds of, 165-166 


Soap ( cont .): 
making, 165 
soapless, 166-167 
Soda pop, 152 
Sodium, 51, 53, 190 
Sodium carbonate, 188, 191 
Soil, bacteria in, 79 
Solar system, 216, 217 
comets, 219 

meteors, meteorites, 219-220 
planetoids, 219 
planets, 216-219 
Solder, composition of, 153 
Solutions: 
kinds of, 153 
temperature and, 152 
water, 152 
Solvents: 
defined, 152 
dry cleaning, 168 
j kinds of, 153 
Soot in air, 241 

Southern hemisphere, 203, 205 
seasons in, 204 
South Pole, 205, 207 
Soybean, products from, 197 
Sphygmomanometer, 30, 31, 111 
Spiders, 74 
Spinal cord, 100 
Spores from air, 243 
Spots and stains, removing, 168- 
169 

Stainless steel, 181 
Stains on cloth, removing, 168, 169 
Stars, 221-223 
constellations, 221-223 
shooting, 219 
sun as star, 220 
Steam turbines, 157 
Steel, making, 180-181 
Stethoscope, 31, 35 
examination with, 104 
Stimulus, and response, 101 
Stomates of leaf. 71 
Stratus clouds, 252 
Streptomycin, 196 
Strip mining, 180 
Strychnine, 195 
Suez Canal, 147 
Sugar, maple, 71 
Sulfur dioxide gas, 241 
Sun: 

atomic energy in, 220-221 
eclipse of, 210, 220 
gravitational pull of, 209 
Sunshine vitamin, 65-66 
Superstitions, 12, 13 
food, 45 
Sweat, 34 
Sweat glands, 116 
Sweet potato plant, products from, 
197 

Swimming, ear trouble from, 96 

Tagged atoms, 16, 72, 184 
Tannin, 195 
Tanning of skins, 116 
Tap roots, 69 
Tar: 

coal, 185 


276 


INDEX 


Tar ( cotit .): 

removing from cloth, 169 
from trees, 195 
Taste: 
kinds of, 98 
sense of, 88, 97-98 
taste buds, 98 
Tear gas, 192 

Telescope, Hale (Mount Palomar), 
214-215 
Television, 101 
Temperate zones, 206 
Temperature, 248-249 
of body, 34, 104 

abnormally high, 111 
effect on solutions, 152 
Terracing, 161 

Thermometers, 31, 34, 249, 250 
Thermostat, 109-110 
Thiamine, 63, 64 

Thinking, 7 (see also Scientific 
method): 

answers, sources of, 11 
changing opinions, 13^ 
funding reasons, 14-15 
keeping it straight, 13-14 
research and, 9 
steps in, 11-15 
superstition and, 12, 13 
Tides, moon and, 208-209 
Time: 

daylight saving, 213 
international ante line, 212-213 
measurement of, 211-213 
zones, 211,212-213 
Tincture solution, 153 
Tobacco, 121-122 
Today’s Health, 20 
Tongue, and sense of taste, 97-98 
Torricelli, Evangelista, 235 
Touch, sense of, 88, 99, 102 
Transplanting seedlings, 70 
Transportation, water, 133-134 
Trees, materials from, 194-195 
Tropical air masses, 255 
Tropic of Cancer, 206 
Tropic of Capricorn, 206 
Tuberculosis, 34, 116 
Turbines: 
steam, 157 
water, 155-156 
Turpentine, 71, 195 
Typhoid fever, 148 
bacteria, 33 

U. S. Public Health Service, 25 
U. S. Weather Bureau, 257-258 
Uranium, 184 

Uranus, planet, 217, 218-219 
Urine tests, 30 


Vaccination, 22, 197 
of cows, 23 
Vacuum, 235 
Vapor, water, 137-138 
Vegetables, 51 

source of Vitamin C, 65 
vitamins in, 62 
Veins, 107, 113 
valves in. 108 
Venom, snake, 74 
Venus, planet, 217, 218 
Visiting nurses, 23-24 
Vital organs: 
listening to, 35 

seeing, by X-ray machine, 35-36 
Vital statistics, 24-25 
Vitamins, 49 
A, 63, 91 

as body regulators, 61-66 
Bj, 64 
B l ., 64 
Bia, 64 

B complex, 63-64 

C, 64-65 

claims concerning, checking, 66 

D, 65-66 
discovery- of, 60 
K, 66 

lack of, 62-63 
naming of, 60 
protective foods, 62-63 
Vitreous humor, 90 
Volcanoes: 

and air pollution, 242 
beneath seas, 142 
Vonnegut, Dr. Bernard, 249 

WAC Corporal. 232 
Washing soda, 167 
Wasps, 73 
Water: 

as body regulator, 61 

composition of, 149-150 

conserving, 160-162 

distribution of, 135 

drinking, treatment of, 159-160 

evaporation of, 136 

filtration of, 159 

impure, 159 

irrigation, 162 

lakes, 142-143 

materials suspended in, 159-160 

minerals in, 150-152 

oceans (see Oceans) 

rainfall, 138, 139 

rainwater, 150 

rivers, 143-144 

sea, composition of, 150-152 

solutions, 152 

supply in cities, 157-160 


Water ( cont.): 
surface, 140-144 
for transportation, 133-134 (see 
also Water routes) 
underground, 139 
in wells, 139 
Water cycle, 135-137 
Waterfalls, 154-155 
Water power plants, 145 
Water pressure, 154-157 
Water routes, 133-134 
canals. 145, 146-147 
lakes, 144-145 
oceans, 145 
rivers, 144 

St. Lawrence Waterway, 145 
Water table, 139-140 
raising, 160, 161 
Water turbines, 155-156 
Water vapor, 137-138 
in air, 237, 240 
condensation of, 251 
Water wheels, 154-155 
Wax, removing from cloth, 169 
Weather, 247-263 

air movement, 248, 253-256 
changes along front, 255-256, 
259 

information from weather sta¬ 
tions, 259-260 
moisture, 248, 250-253 
temperature, 248-249 
value of forecasts, 262-263 
Weather balloons, 257, 260 
Weather bureau, U. S., 257-258 
Weather map, highs and lows on, 
260-262 

Weather stations, 259-260 
Weather vane, 253-254 
Welland Ship Canal, 145 
Wells, 139 
artesian, 140 
Windpipe, 114-115 
Winds, 253-254 

effect on water vapor, 138 
Wood, varieties of, 195 
Wood pulp, 195 
Wool, 197 

Work, food and, 48-55 
World, map of, 204-207 

X-ray machine, 15 
chest examination, 31 
X-ray photos, 105 

Year, 202 

Zones, 206-207 
time, 211, 212-213 
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(See map on the inside of the front and back covers.) 


1. Aluminum ore. Ninety-five per cent of the 
bauxite (aluminum ore) mined in the U. S. comes 
from open pits here. [K.-15] 

2. American, oldest. A human skull found 
near Midland. Texas, is carbon-dated to be at 
least 20,000 years old. [L-ll] 

3. Bluegrass region. Here the soil provides 
special nourishment for fine pasture grasses. (I-19] 

4. Borax beds. The largest deposits of borax 
in the world are at Owens Lake, north of Death 
Valley. (1-3) 

5. Cacti, largest. The Giant Saguaro cactus is 
the largest of its kind. Here many grow 50 feet 
high, have 50 arms, and live over 100 years. [L-6] 

6. Canyon, colored. Devil’s Gulch has fantastic 
colored walls of pink and purple. [F-13] 

7. Canyon, deepest. The Snake River has cut 
a gash 7,900 feet deep in one place, and over a 
mile deep for forty miles. [D-5] 

8. Canyon largest. The Grand Canyon of the 
Colorado River is 217 miles long. 4 to 18 miles 
wide, and one mile deep in places. [1-6] 

9. Canyon, straight-walled. Zion Canyon is 
noted lor its narrow gorges with walls one-half 
mile high. (1-5] 

10. Canyon, washed-out. Bryce Canyon con¬ 
tains fourteen bowl-shaped areas, carved by water 
into fantastic colored towers. [1-6] 

11. Cave, largest in the East. Mammoth Cave 
is on five levels, contains eight waterfalls, three 
rivers, two lakes, and many formations. Eyeless 
fish and blind, wingless beetles live here. [1-18] 

12. Cave, largest in the U. S. Carlsbad Cavern 
has three levels and over 100 miles of explored 
passages. One room is 4.000 feet long. 625 feet 
wide, and has a ceiling 350 feet high. [L-9] 

13. Center of North America. The geographi¬ 
cal center of the North American Continent is at 
48° 10' N. Lat., and 100 c 10' W. Long. [C-12] 

14. Center of the United States. The geo¬ 
graphical center of the United States is at 39°50' 
N. I.at.. and 98°40' W. Long. [H-12] 

15. Chromium ore. This scarce, useful metal is 
found here, mingled with much iron. [G-2] 

16. Clouds, most. In the Lake Ontario area, 
only 40 per cent of the daylight hours in the year 
have sunshine. (See Sunshine, most) [E-22] 

17. Coal, anthracite. This hard coal is found 
in only one small area of our Nation. It is prized 
for its hot. smokeless flame. [F-21] 


18. Coal, bituminous. This most useful mineral 
is found in many states, but the chief coal mining 
areas are shown on our map. [H-20, 19—G-16, 
20—H-14] These mines produce soft, sooty coal 
called bitumin. 

21. Coast, risen. As the land rose here during 
many centuries, the ocean bottom became a 
smooth, shell-covered shore. [0-22] 

22. Coast, sunken. As the land sank here dur¬ 
ing many centuries, the valleys became bays of the 
ocean, and the hills became islands. [D-25] 

23. Coldest spot. At Rogers Pass, Montana, the 
temperature fell to —70°F. on January 20, 1954— 
the lowest on record in the U.S. [C-7] (See Hot¬ 
test spot) 

24. Copper ore. In Arizona, large mines are 
near Bisbee [L-6] and Globe. [25—K-6] In Michi¬ 
gan [26—C-17], native copper is found in deep 
underground mines. In Montana, the largest, 
deepest mines are found near Butte. [27—D-6] 
In Tennessee, the deep mines at Ducktown [28— 
J-19] are the largest in eastern U. S. In Utah, the 
open mines in Bingham Canyon [29—G-6], the 
Nation's largest, produce a third of its copper. 

30. Diamonds. The diamonds found here are 
small, and are used for cutting edges of industrial 
tools. [L-14] 

31. Dinosaur bones. This largest known de¬ 
posit of dinosaur bones has furnished many com¬ 
plete skeletons to the world’s museums. [G-9] 

32. Driest state. The Nation’s driest state is 
Nevada. It has an average of 8.81 inches of rain 
each year. [G-4] (See Wettest state) 

33. Falls, highest. Ribbon Falls in Yosemite 
National Park drops unbroken for 1,612 feet—the 
highest straight falls in North America. [G-3] 

34. Falls, largest. Horseshoe Falls carries 95 
per cent of the water that flows over Niagara— 
100,000,000 gallons a minute. This cataract is 158 
feet high and 2.950 feet wide, and is wearing up¬ 
stream about three feet each year. [E-20] 

35. Fossil fish. Skeletons of strange, ancient 
sea creatures are abundant here. [F-7] 

36. Fossil mammals. The skeletons of ancient 
mammoths and tiny horses are found here. [F-11 ] 

37. Fossil tigers. At La Brea tar pits are found 
the bones of many kinds of ancient animals, es¬ 
pecially sabre-tooth tigers. They were trapped in 
the sticky tar some 25,000 years ago. [J-3] 

38. Frost, most. In southwest Wyoming, frost 
occurs on an average of 270 days each year. [G-7] 
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At Key West, Florida, frost has never been seen. 

[39—P-21] . . .. 

40. Geodes. Here are unique rock spheres with 

centers of quartz crystals. [G-15] 

41. Geyser, largest. “Old Faithful” in Yellow¬ 
stone National Park is the largest in the world. 

It throws a great stream of water 120 feet in the 
air, erupting promptly every 65 minutes. [E-7] 

42. Glacier, grasshopper. Millions of grass¬ 
hoppers are frozen in the ice. [D-8] 

43. Glaciers, living. Waterton-Glacier Interna¬ 
tional Park contains over 60 "living” glaciers. 
[B-6] 

44. Gold found here! On January 24, 1848, 
John Marshall found a flake of gold in the tail- 
race of Sutter's Mill on the American River. This 
started the great "gold rush of '49. The flake is 
in the U. S. National Museum. [G-2] 

45. Gold mine, largest. The Homestake Mine 
at Lead, S. D.. is the largest gold mine in North 
America. Often a year’s production of gold has 

been worth $20,000,000. [E-10] . 

46. Granite. The largest granite quarry in the 
U. S. is in North Carolina. [1-20] Many other 
quarries for granite are in Georgia [47—K-19] and 
Vermont. [48—D-23] 

49. Gullies, worst. The Badlands have been 
eroded by floods into picturesque hills and valleys. 

^ 50.^ Hail, most. Four brisk hailstorms usually 
occur each year in the Colorado Rockies. [G*9] 

51. Helium gas. Helium, the nonexplosive gas 
second to hydrogen in lightness, is mixed with the 
natural gas of the Texas Panhandle area. [J‘10J 

52. Hottest spot. In Death Valley the tempera¬ 
ture in the shade rose to 134° F. on July 10, 1913 
—the highest on record in the U. S. [1-4] 

53. Ice mine. Huge icicles form in a pit on 
the side of Ice Mountain in the summer, but melt 
in winter due to warm air currents from the 

depths. [F-21] . . 

54. Ice sheet, second advance. Four times, thick 

ice sheets have crept down from the north to 
cover much of the North American Continent. 
The second one came the farthest south, about 
1,250,000 years ago. The fourth melted away only 
15,000 years ago. [Begin at B-8 and follow the 

ridge] _ . # . 

55. Iron ore. Four-fifths of the Nations iron 

ore is mined from open pits near the: west end 
of Lake Superior in Michigan [5&—D-16] and 
Minnesota. [57—C-15] The second largest iron 
deposit is in Alabama [58—K-18] where the mines 

are deep. . _ r 

59. Lake, deepest. Crater Lake is 2,000 feet 

deep. It fills part of an extinct volcano. The 
crater’s walls rise 2,000 feet above the water. [E-2] 

60. Lake, earthquake. Reelfoot Lake was 
formed by great earthquakes in 1811-12. It is 14 
miles long and five miles wide. Trunks of ancient 
cypresses still stand in the water. [J-16] 
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61. Lake, largest salt. Once much larger, Great 
Salt Lake is now 75 miles long and 50 miles wide. 

Its waters are six times as salty as the ocean, and 
a human body will not sink in it. [G-6] 

62. Lake, lowest. Salton Sea. once dry. was 
filled again by floods from the Colorado River in 
1905-06. It is now slowly drying up again. Its 
surface is 250 feet below sea level. [K-4] 

63. Lake system, largest. The five Great Lakes 
are the largest group of lakes in the world. Lake 
Superior is the world’s largest body of fresh water, 
and is also the deepest large lake—1,180 feet. [C 
to G. 15 to 22] 

64. Lava, weird flow. I he 4 Craters of the 
Moon" are of recent volcanic origin. Spatter cones 
resemble those seen on the moon. [E-6] 

65. Limestone, dressed. Seventy per cent of the 
dressed (smoothed) limestone used for building in 
the U. S. comes from Indiana quarries near Bed¬ 
ford. [H-18] 

66. Magnets, natural. Magnet Cove is one ot 
the few places in the world where lodestones. or 
natural magnets, may be picked from the banks 

and beds of streams. [K-15] 

67. Marble. The Nation’s largest marble quarry 
is in Vermont. [D-23] Georgia is the chief marble- 
producing state [68—K-19], while Tennessee ranks 
•second. [69—J 19] 

70. Mercury ore. Small deposits of mercury ore 
arc mined in California [G-2], Texas [71 N-9], 

and Nevada. [72—G-3] 

73. Meteor crater. About 5,000 years ago, a 
huge nickel-iron meteorite struck here, blasting 
a hole 600 feet deep and 4,150 feet across. Only 
fragments of the meteorite have been found [J-6] 

74. Minerals, shining. Minerals that shine with 
strange, bright colors under ultraviolet ( black 
light”) lamps are found here in many varieties. 
Their special glow is called “fluorescence. [F-23] 

75. Molybdenum mine, largest. The Climax 
Mine at Leadville, Colorado, is the world's largest 
producer of molybdenum—a metal used to harden 

steel. [H-9] . 

76. Mountains, highest. Mount Whitney in the 

Sierra Nevada Range is the highest peak in the 
United States—14.496 feet above sea level. [1-3] 
Mount Mitchell [77—J-20] in the Black Moun¬ 
tain Range is the highest peak in eastern U. S.— 
6,684 feet above sea level. 

78. Mountain, most climbed. Pike’s Peak in 
the Colorado Rockies has thousands of visitors who 
reach its top by cog railroad, auto, or (a few) on 
foot. Its height is 14,108 feet above sea level. 

[H-9] . . . 

79. Mud, deepest. The Mississippi River car¬ 
ries 400,000,000 tons of soil to its mouth each year, 
and has filled an arm of the sea that extends over 
100 miles into the Gulf of Mexico. The soil is 
over 700 feet deep under New Orleans. [N-16] 

80. Natural bridge, best known. Natural 
Bridge, Virginia, has a height of 215 ft., a span of 

279 


<10 ft., and is 30 ft. thick. A highway crosses it. 

11 21 ] 

81. Natural gas. The older gas fields are in 
Pennsylvania [G-20] and West Virginia. [82- 
H-20) The newer fields are in Kansas [83—1-11] 
and 1 exas. [84—J-ll] 

85. Oil shale. Tremendous quantities of oil- 
bearing shale (slate) have been located in this area 
of the West. It will be mined and refined if oil 
from wells becomes scarce. [H-8] 

86. Painted Desert. Sands of every color are 
round here in ditches and clifis. Their hues arc 
due to many different minerals. They were laid 
down in shallow seas millions of years ago. [J-~] 

87. Petrified forests. Six ancient forests full of 
l.illen tree trunks have turned to agate, with strik¬ 
ing colors. [ |-7 ] 

88. Petroleum. The older oil fields arc in 

Pennsylvania [1-20]. Ohio [89—G-20], and Illi¬ 
nois. [90—11-17] The newer oil fields are in 

California [91 —1-3]. Louisiana [92—L-15], Okla¬ 
homa [93—1-13], and the largest, in Texas. [94— 
(M3. 95— N-14, 96—K 12. 97—L-10] 

98. Phosphate rock. Hie phosphate of Florida 
is scooped Irom beds of pebbles. [N-21] 

99. Platinum ore. I his precious metal is mined 
in small quantities in Nevada, and is found with 
gold in Calif. [IT] 

100. Potash rock. The largest potash mines in 
the Western Hemisphere arc near Carlsbad Cav¬ 
erns. They are our chief source of potash ferti¬ 
lizers. [L-9] 

101. Rain, least. Around Bagdad, Calif., aver¬ 
age rainfall is but 0.78 inches a year. T his is the 
Nation's driest area. [ J-3] 

102. Rain, most. On the lands drained by the 
W\noodle River in Washington, the average rain¬ 
fall is 150.73 inches a year—the highest in the 
Nation. [ B-2] In part of the Blue Ridge Moun¬ 
tains of North Carolina [103—J-19], the rainfall, 
about 80 inches a year, is the highest in the East. 

104. River, longest. Water from Red Rock 
Lake in Montana flows through the Missouri and 
Mississippi Risers. 4.200 miles to the Gulf of 
Mexico—the world's longest river course. [D-6] 

105. Salt flats. This bed of an ancient lake is 
now 150 sq. mi. of hard, level salt. [G-6] 

106. Sands, gypsum. Dazzling white dunes 
cover the white sand area. The grains are gypsum, 
not quartz. All-white insects and rodents live on 
the dunes, protected by their color. [L-8] 

107. Sandstone. The largest sandstone quarry 
in the world is near the shore of Lake Erie in 
Ohio. [G 19] 

108. Shell rock. Small shells and coral become 
cemented into rock, called coquina, that is soft 
when quarried, but hardens in a few hours. [M-21] 

109. Silver ore. The largest silver mine in the 
U. S. is in Idaho, leading silver-producing state. 


110. Snows, deepest. On the western slopes of 
the Sierra Nevada Mountains, the average snow¬ 
fall is 527 inches (43 ft., 11 inches) each winter. 
The record snowfall for one day was 60 inches 
(five feet)! [H-2] 

111. Springs, largest warm. Hot Springs in 
Wyoming is the world's largest warm spring, with 
a flow of 18,600,000 gallons daily. [E-8] Other 
noted warm springs are in Arkansas [112—K-15], 
Georgia [113—L-19], and Virginia. [114—H-21] 

115. Sulfur, newly found. Just when sulfur 
seemed to be getting scarce, a huge deposit was 
discovered at the very tip of the Mississippi Delta, 
right under the river’s mouth. [N-17] 

116. Sunshine, most. In southwest Arizona, 85 
per cent of the daylight hours in a year are cloud¬ 
less. [L-4] (See Clouds, most) 

117. Swamps, largest. The Everglades form the 
largest swamp in the world—4,000 sq. mi.—of 
grasses, mangroves, cypress, pines, and palms. 
[P-21] Dismal Swamp [118—L-22], of 750 sq. mi., 
is a tangle of vines, cypresses, and junipers. Oke- 
fenokee Swamp [119—M-20], of 666 sq. mi., is a 
preserve in which wild animals are protected. 

120. Trees, largest and oldest. The sequoias, 
named for an Indian chief, are the largest plants 
in the world. Some are 4,000 years old. [1-3] 

121. Titanium sand. This important metal, 
used in the whitest paints, is found in sands along 
the ocean. [M-21] 

122. Uranium ore. Our Nation’s deposits of 
uranium minerals are chiefly in this area. The 
ores arc low grade, about 1 per cent of the metal, 
but the price of uranium (the stuff of atom bombs) 
is high! [1-7] 

123. Valley, lowest. Death Valley, 130 miles 
long and 10 to 30 miles wide, is almost entirely 
below sea level. Bad Water, 279.6 ft. below sea 
level, is the lowest spot in our hemisphere. [1-4] 

124. Volcano, sleeping. Mount Lassen, with a 
peak 10.453 ft. above sea level, became active be¬ 
tween 1914 and 1921. It is the only volcano in 
the U. S. that has erupted during modern times. 
[F-2] 

125. Volcanoes, dead. Mount Capulin, a steep 
cinder cone, was active not over 1,000 years ago. 
[J-9] Mount Hood [126—C-3], a peak of 11,253 
ft., has eight glaciers on its sides. Mount Rainier 
[127—B-3], a snow-crowned peak 14,408 ft. above 
sea level, is noted for its many small glaciers and 
colorful spring flowers. Mount Shasta [128—E-2], 
a snow-capped cone 14,462 ft. above sea level, has 
two smoking fumaroles on its sides. Sunset Crater 
[129—J-6] extends 1,000 feet above a flat plain. 

130. Winds, calmest. In southern Arizona, the 
winds average only five miles an hour the year 
around, barely enough to feel. [L-5] 

131. Winds, steadiest. In the Texas Panhandle, 
the winds average 14 mph the year around. On 
many days the winds are far stronger. [J-ll] 
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